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H o s p i t a l .
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l ik e  to thank s in c e r e ly  M r .  J . B . D a v ie s ,  S e n io r  M ed ica l  
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(i)
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thanks.
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( i i i )
D E F I N I T I O N S  A N D  T E R M S  
T h e  fo l lo w in g  is  a l is t  of c e r ta in  g e n e ra l  te rm s  used in 
th is  study. O th e r  r e le v a n t  te rm s  a r e  d e fin ed  and d is c u s s e d  in 
la t e r  sec t io n s .
a r t i c u la t o r  an in s tru m e n t to w h ich  m a x i l la r y  and
m a n d ib u la r  c a s ts  a r e  f ix e d  to s im u la te  the 
r e la t io n s h ip  of the dental a r c h e s  and c e r ta in  
m ovem ents o f the ja w s .
com ple te  d e n tu re a d e n tu re  r e p la c in g  the e n t i r e  m a x i l la r y  o r  
m a n d ib u la r  d e n t i t io n  and p a r t  of the  
s u p p o rt in g  t is s u e s  o f the tee th .
p a r t ia l  d e n tu re a d e n tu re  r e p la c in g  the m is s in g  teeth  and 
p a r t  of the su p p o rt in g  t is s u e s  in a dental  
a rc h  in w h ich  some n a tu ra l  tee th  re m a in .
d e n tu re  b e a r in g
a re a
the o ra l  s t r u c t u r e s  w h ich  b e a r  the loads  
a p p lie d  to a com ple te  o r  p a r t ia l  d e n tu re .
o cc lu s io n co ntac t b e tw een  the m a s t ic a t in g  s u r fa c e s  of  
m a n d ib u la r  and m a x i l la r y  teeth .
b a lan ced  o c c lu s io n  a co n d it io n  in w h ich  th e re  a r e  s im u ltan eo u s
co n tac ts  of the o c c lu d in g  s u r fa c e s  of the  
teeth  on both s id es  of the opposing  dental  
a r c h e s  when the m an d ib le  is  in la t e r a l  o r  
p r o t r u s iv e  o c c lu s io n .
( iv)
in te rc u s p a t io n
m edian p la n e
sag it ta l  p la n e
coron a l p la n e
the in te r d ig i ta t io n  of cusps o r  p a r ts  of the  
cusps o f opposing  teeth .
a v e r t ic a l  p la n e  d ra w n  th rough  the m id l in e  
of the body d iv id in g  the body in to  r ig h t  and 
le f t  h a lv e s .
a v e r t ic a l  p la n e  th rough  the body p a r a l le l  to 
the m edian  p lan e .
a v e r t ic a l  p la n e  at r ig h t  a n g les  to the s ag itta l  
p la n e  d iv id in g  the body into a n t e r io r  and  
p o s t e r io r  p o r t io n s .
(v)
A B B R E V I A T I O N S  A N D  S Y M B O L S  
T h e  fo l lo w in g  a b b re v ia t io n s  and sym bols  a r e  l is te d  in 
th e ir  o r d e r  o f a p p e a ra n c e  in the te x t .  T h e  l is t  does not in c lu d e  
the s ta t is t ic a l  a b b re v ia t io n s  w h ich  a r e  p re s e n te d  in C h a p te r  9 
( S ta t is t ic a l  A n a ly s is ) .
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A B S T R A C T
T h is  w o rk  has in v e s t ig a te d  some of the ja w  r e la t io n s h ip s  
w hich  may o c c u r  d u r in g  s w a l lo w in g  in both den tu lous  and eden tu lou s  
p e rs o n s .  T h e  study w as  s t im u la te d  by an a p p re c ia t io n  of the  
p ro b le m s  w hich  may be en c o u n te re d  in the r e g is t r a t io n  of c o r r e c t  
re la t io n s h ip s  b e tw een  the m an d ib le  and the  m a x i l la  when c o n s tru c t in g  
d e n tu re s  f o r  e d en tu lo u s  p a t ie n ts .  T h e s e  r e la t io n s h ip s  e x is t  in both  
v e r t ic a l  and h o r iz o n ta l  p la n e s .  W hen they a r e  r e c o r d e d  i n c o r r e c t l y ,  
it  is a common c l in ic a l  e x p e r ie n c e  that the c o m fo r t  and fu n c t io n  of 
com plete  d e n tu re s  is  a d v e r s e ly  a f fe c te d .
N u m e ro u s  m ethods a r e  used to d e te rm in e  and r e c o r d  ja w  
r e la t io n s h ip s ,  and the l i t e r a t u r e  on the s u b je c t  is  e x te n s iv e .  T h is  
l i t e r a t u r e  has been r e v ie w e d  and d is c u s s e d  and the v a r io u s  methods  
f o r  r e c o r d in g  ja w  re la t io n s h ip s  have  been su m m a ris e d  as  a) no n ­
fun c tio n a l m e th o d s , and b) fu n c tio n a l m ethods.
N o n - fu n c t io n a l  m ethods may be used  e i th e r  b e fo re  o r  a f t e r  
e x t ra c t io n  of the n a tu ra l  tee th . In g e n e r a l ,  h o w e v e r ,  they do not 
a p p e a r  v e r y  r e l i a b le .
F u n c t io n a l  m ethods a r e  based  on m ovem ents o f  the ja w s  and  
a s s o c ia te d  p a r t s ,  in the ed en tu lo u s  s ta te .  T h e y  in c lu d e  s p e e c h ,  
m a s t ic a t io n  and s w a l lo w in g .  O f  th ese  fu n c t io n s ,  s w a l lo w in g  is  a 
s im p le  and n a tu ra l  p r o c e d u r e  w h ich  most p e rs o n s  can p e r f o r m ,  
is  not e a s i ly  d is tu r b e d  and a p p e a rs  to be a p a r t i c u l a r l y  s u i ta b le  
method f o r  r e c o r d in g  ja w  r e la t io n s h ip s  o f ed en tu lo u s  p a t ie n ts .  T h e  
r a t io n a le  beh ind  th is  method is  based  on the b e l ie f  that in den tu lo us  
p e r s o n s ,  s w a l lo w in g  is  accom pan ied  by co n tac t o f the o c c lu s a l  
s u r fa c e s  o f the opp osing  p o s t e r io r  tee th . It  is  a ls o  b e l ie v e d  that
( v i i )
in the ed en tu lo u s  s ta te ,  the re la t io n s h ip  o f  the m and ib le  to the  
m a x i l la  d u r in g  s w a l lo w in g  is  s im i la r  to that w h ich  o c c u rs  w ith  the  
n a tu ra l  tee th  p re s e n t .  T h e  re c o r d in g  of th is  p o s it io n  t h e r e f o r e  
w ould  p e rm it  a c l in ic ia n  to c o n s tru c t  com ple te  d e n tu re s  to n a tu ra l  
ja w  r e la t io n s h ip s .
R e p o r ts  r e g a r d in g  ja w  r e la t io n s h ip s  in den tu lo u s  p e rs o n s  
d u r in g  s w a l lo w in g  r e f le c t  a d iv e r s i t y  o f o p in io n ,  w h i ls t  the  
in fo rm a tio n  re g a r d in g  ja w  r e la t io n s h ip s  d u r in g  s w a l lo w in g  fo r  
eden tu lo us  p e rs o n s  and p e rs o n s  w e a r in g  co m p le te  d e n tu re s  is  
s p a r s e  and in adequate .  T h e  p r e s e n t  study t h e r e f o r e ,  w as  d i r e c te d  
to the in v e s t ig a t io n  o f  ja w  r e la t io n s h ip s  d u r in g  s w a l lo w in g  w ith  
p a r t i c u la r  r e f e r e n c e  to the in c id e n c e  and p o s it io n  o f o c c lu s a l  tooth  
co ntact in den tu lou s  s u b je c ts ,  and the leve l o f  v e r t ic a l  ja w  
s e p a ra t io n  in ed en tu lo u s  s u b je c ts .  In ad d it io n  o b s e rv a t io n s  w e r e  
made r e g a r d in g  ja w  re la t io n s h ip s  d u r in g  s w a l lo w in g  in su b je c ts  
w e a r in g  co m p le te  d e n tu r e s ,  and the e f fe c t  w h ich  c e r t a in  m o d if ic a t io n s  
of these  d e n tu re s  had on the ja w  re la t io n s h ip s .
T h e  m a jo r  p a r t  o f  the in v e s t ig a t io n  em ployed  f lu o r o g r a p h ic  
te c h n iq u e s ,  a lthough some in v e s t ig a t io n s  on den tu lo u s  su b je c ts  w e r e  
p e r fo rm e d  u s in g  an i n t r a - o r a l  t r a n s m it t in g  coil l in k e d  to a 
p o te n t io m e tr ic  r e c o r d e r .  In the f lu o r o g r a p h ic  s tu d y ,  s u b je c ts  w e r e  
exposed to X - r a y s  w h i le  s w a l lo w in g  w a t e r .  An im age w as  p ro d u c e d  on 
a f lu o re s c e n t  s c re e n  and p h o to g ra p h e d  by a te le v is io n  c a m e ra  w h ich  
w as  b u i l t  in to  the a p p a ra tu s .  V ie w in g  w as  c a r r i e d  out as  seq u en ces  
w e r e  p e r fo r m e d  and the te le v is io n  p ic t u r e  w as  a ls o  r e c o r d e d  on 
v id e o  tape  f o r  l a t e r  a n a ly s is .  T h e  a p p a ra tu s  in c o rp o ra te d  an 
e le c t r o n ic  im age i n t e n s i f i e r ,  w h ich  by in c r e a s in g  the  b r ig h tn e s s  of
( v i i i )
the f lu o re s c e n t  s c re e n  re s u l te d  in a c o n s id e r a b le  re d u c t io n  in 
r a d ia t io n  dosage. In v e s t ig a t io n s ,  w hich  w e r e  r e s t r i c t e d  to the  
s a g it ta l  p la n e ,  w e r e  p e r fo rm e d  on 70 v o lu n te e r  s u b je c ts ,  both  
dentu lous  and ed en tu lo us .
A n a ly s is  o f the r e s u l t s  used both v isu a l and m easu rem en t  
tech n iq u es . A s  d i r e c t  m easu rem en t fro m  the v id e o  tape was  
im p o s s ib le ,  each sequence  w as  f i lm e d  f ro m  the te le v is io n  s c re e n  
using  a 35 mm c a m e ra  w ith  a m o to r is e d  t r a n s p o r t  sys tem . A  f ra m e  
a n a ly s is  w as  p e r fo rm e d  and in o r d e r  to o b ta in  m o re  d e ta i le d  
m e a s u re m e n ts ,  p r in t s  w e r e  made f ro m  re le v a n t  f ra m e s .  A l l  
m easu rem en ts  w e r e  made r e l a t i v e  to an e s ta b l is h e d  r e f e r e n c e  
p o s it io n .
E r r o r s  in the m a t e r ia ls  u s e d ,  the tech n iq u es  em ployed and  
the methods of a n a ly s is  w e r e  exam in ed . It  w as  conc luded  that e r r o r s  
in the m a te r ia ls  used and m easu rem en t and o b s e r v e r  e r r o r s  in the  
techn iq ues  em ployed w e r e  s m a l l ,  and u n l ik e ly  to have any a p p r e c ia b le  
e ffe c t  on the r e s u l ts .  T h e  m ethods o f a n a ly s is ,  h o w e v e r ,  o c c a s io n a l ly  
d em o n stra ted  some b ia s  to w a rd s  the r e f e r e n c e  m easu rem en t and  
w h e re  p re s e n t  th is  has been s ta ted . Random e r r o r s  w e r e  a ls o  
e x a m in e d , and a lthough  they could  not be e n t i r e ly  e l im in a te d  w e r e  
c o n t ro l le d  and c o n s id e re d  to be m in im a l.
T h e  r e s u l t s  o f the in v e s t ig a t io n  on the s e le c te d  sam ple  of  
su b jec ts  c o n f irm e d  the  op in ion  th a t ,  in d en tu lo u s  s u b je c ts ,  o c c lu s a l  
tooth co n tac t does o c c u r  d u r in g  s w a l lo w in g .  It w as  not p re s e n t  in 
all  s u b je c ts  h o w e v e r ,  and some s u b je c ts  d e m o n s tra te d  c o n tac t in  
some s w a l lo w in g  seq u en ces  and not in o th e r s .  T h e  p o s it io n  of  
co n tac t when p re s e n t  w as  n o r m a l ly  w ith  the tee th  in the in te rc u s p a l
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p o s it io n  as d e fin ed  in the study.
E d e n tu lo u s  s u b je c ts  d e m o n s tra te d  a r e p r o d u c ib le  v e r t ic a l  
ja w  r e la t io n s h ip  d u r in g  s w a l lo w in g .  T h is  f in d in g  c o n f irm e d  the  
r a t io n a le  o f  u s in g  the a c t io n  of s w a l lo w in g  to e s ta b l is h  ja w  
re la t io n s h ip s  in the v e r t ic a l  p lan e .
In the m a jo r i ty  of s u b je c ts  w e a r in g  co m p le te  d e n tu re s  
s w a llo w in g  w as  acco m p an ied  by o cc lu sa l tooth co n tac t.  T h e  p o s it io n  
of con tact w as  n o rm a l ly  w ith  the teeth  in maximum in te rc u s p a t io n .
T h e  m o d if ic a t io n s  w h ich  w e r e  made to the d e n tu re s  w e r e  found to be 
a s s o c ia te d  w ith  a lo w e r  in c id e n c e  of tooth co n tac t .
T h e  in t e r p r e t a t io n  o f th ese  f in d in g s  in d ic a te d  that in many  
cases  s w a l lo w in g  might be a s u i ta b le  method o f d e te rm in in g  both 
v e r t ic a l  and h o r iz o n ta l  ja w  re la t io n s h ip s  when c o n s tru c t in g  com ple te  
d e n tu re s .  It w as a ls o  c o n s id e re d  that use  of the a c t io n  of s w a l lo w in g  
might be ex ten ded  to p e rm it  continuous e v a lu a t io n  of the v e r t ic a l  
d im ension  o f co m p le te  d e n tu r e s ,  as lack  o f  tooth con tac t  a p p e a re d  to 
be a s s o c ia te d  w ith  a re d u c t io n  in v e r t ic a l  d im en s ion .
In a s s o c ia t io n  w ith  th is  s tu d y ,  in v e s t ig a t io n s  w e r e  
p e r fo rm e d  re g a r d in g  the s u i ta b i l i t y  o f w a x e s  as a medium fo r  
r e c o rd in g  ja w  re la t io n s h ip s  by s w a l lo w in g .  T h e  m ethods of  
in v e s t ig a t io n ,  r e s u l ts  and d is c u s s io n  a r e  p re s e n te d  in an  
A p p e n d ix  to the study. An account of the tech n ica l p ro b le m s  
e n c o u n te re d  in o b ta in in g  p h o to g ra p h ic  p r in t s  f ro m  the te le v is io n  
s c re e n  is  a lso  p re s e n te d  as an A p p en d ix .
(x)
S E C T I O N  1
C h a p te r
C h a p te r
IN T R O D U C T IO N
1. B a c k g ro u n d  and A im s
2. Jaw  R e la t io n s h ip s
C H A P T E R  1
B a c k g ro u n d  and A im s  
B a c k g ro u n d
A im s  o f the P r e s e n t  S tu dy
B A C K G R O U N D  &  A IM S  
B ackg ro u n d
D enta l p r o s th e t ic  t r e a tm e n t ,  in the fo rm  o f com ple te  
o r  p a r t ia l  d e n tu r e s ,  is  des ig ned  to p ro v id e  both v isu a l and 
functiona l re p la c e m e n t  f o r  lost tee th  and t is s u e s .
S u c c e s s fu l  v isua l r e p la c e m e n t ,  a lthough d e s i r a b le ,  is of  
doubtful w o r th  w ith o u t an a s s o c ia te d  su ccess fu l fun c tio n a l  
re p la c e m e n t.  It is of l i t t l e  b e n e f i t  to a p a t ie n t  to be a w a r e  
that h is  d e n tu re s  have  a p le a s in g  a p p e a ra n c e ,  i f  he is  
u nab le  e i t h e r  to ea t o r  to speak w ith o u t  d is c o m fo r t ,  when  
he is w e a r in g  them.
In o r d e r  to e n s u re  co m fo rt  and e f f ic ie n c y  fro m  a d e n tu r e ,  
it is im p o rta n t  to m ake c o r r e c t  r e c o r d s  of the re la t io n s h ip  
betw een  the m an d ib le  and m a x i l la  both v e r t i c a l l y  and  
h o r iz o n ta l ly .  An in c o r r e c t  re c o r d in g  may a f fe c t  a d v e rs e ly  
both co m fo rt  and fu n ctio n  of the f in is h e d  d e n tu r e ,  and it is  a 
common c l in ic a l  e x p e r ie n c e  that a l a r g e  nu m b er o f co m p la in ts  
r e g a rd in g  d e n tu re s  can be a t t r ib u te d  to th is .
A  v a r ie t y  o f tech n iq u es  may be used to d e te rm in e  the 
c o r r e c t  ja w  r e la t io n s h ip s  of p a t ie n ts .  It w ould  a p p e a r ,  
h o w e v e r ,  that if  d e n tu re s  a r e  to be fu n c t io n a l ly  s a t is fa c to r y  
then a g r e a t e r  d e g re e  o f su ccess  can be exp ec ted  if  these  
r e la t io n s h ip s  a r e  re c o r d e d  w ith  r e f e r e n c e  to n a tu ra l  
m ovem ents o f the ja w s .  S u ch  m ovem ents in c lu d e  s w a l lo w in g ,  
speech and m a s t ic a t io n .  O f  th ese  s w a l lo w in g  is  a s im p le  and  
n a tu ra l  p r o c e d u r e  w h ich  most p a t ie n ts  can p e r fo r m  and when  
used as a c l in ic a l  te ch n iq u e  does not r e q u i r e  any co m p lic a te d
in s t ru c t io n s  w h ich  may be a s s o c ia te d  w ith  o th e r  tech n iq u es .  
C o n f l ic t in g  e v id e n c e  has been p ro d u ced  in the l i t e r a t u r e ,  
h o w e v e r ,  r e g a r d in g  ja w  r e la t io n s h ip s  d u r in g  s w a l lo w in g  
and f o r  th is  re a s o n  the p re s e n t  study has been u n d e r ta k e n .
1 . 2 A im s  of the P r e s e n t  S tud y
T h e  a im s of the p re s e n t  study w e r e  as fo l lo w s  : 
i) to d e te rm in e  the in c id e n c e  of o cc lusa l con tact o f n a tu ra l  
teeth  d u r in g  s w a l lo w in g  and the p o s it io n  of contact if  
and when it o c c u r r e d ;  
i i )  to d e te rm in e  w h e th e r  o r  not a re p r o d u c ib le  v e r t ic a l  
level o f  ja w  s e p a ra t io n  w as  p re s e n t  in eden tu lo us  
su b je c ts  d u r in g  s w a l lo w in g ;
i i i )  to d e te rm in e  the in c id e n c e  of o cc lu sa l tooth co ntact of  
com ple te  d e n tu re s  and the in f lu e n c e  of a re d u c t io n  in 
the v e r t ic a l  d im ens ion  of o c c lu s io n ;
iv) to o b s e rv e  the m a n d ib u la r  p o s it io n  in the sag itta l  
p la n e  at the end of the s w a l lo w in g  sequence .
A s s o c ia te d  w ith  the p re s e n t  study the p r o p e r t ie s  of
some m a t e r ia ls  used to r e c o r d  ja w  r e la t io n s h ip s  d u r in g  
s w a l lo w in g  w e r e  in v e s t ig a te d  to a s s e s s  t h e i r  a c c u ra c y  and  
re l  iab il  i ty .
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J A W  R E L A T I O N S H I P S  
2. 1 T  e rm in o lo g y
It is not uncommon in d e n t is t r y  to f ind  a v a r ie t y  of  
te rm s  w h ich  lend th em se lves  to the same d e f in i t io n .  S uch  
a s itu a t io n  g ives  r i s e  to confusion  and m is u n d e rs ta n d in g .
In an attem pt to avo id  th is ,  the te rm in o lo g y  used  in the  
p re s e n t  study is  based on that recom m ended  by the  
B R I T I S H  S T A N D A R D S  I N S T I T U T I O N  (1 9 6 9 ) ,  w ith  a 
num ber of m o d if ic a t io n s  w h ich  a r e  d is c u s s e d  be low .
T h e  ja w  r e la t io n s h ip  o f  a p e rs o n  is  any r e la t io n s h ip  
of the m and ib le  to the m a x i l la  in e i t h e r  a v e r t ic a l  o r  
h o r iz o n ta l  p lan e .
T h e  r e s t  ja w  r e la t io n s h ip  is  the r e la t io n s h ip  of the  
m an d ib le  to the m a x i l la  when a p e rs o n  is  in the u p r ig h t  
p o s tu r e ,  and the m u sc les  c o n t r o l l in g  the m an d ib le  a r e  in 
r e la x e d  e q u i l ib r iu m .
V e r t ic a l  ja w  re la t io n s h ip  in both sag itta l  and co ro na l  
p lan es  is  te rm e d  the v e r t ic a l  d im e n s io n ,  and is  d e f in ed  as  
a v e r t ic a l  m easu rem en t of the fa c e  be tw een  any two  
a r b i t r a r i l y  s e le c te d  p o in ts  w h ich  a r e  lo c a te d ,  one above  
and one b e lo w  the m outh , u s u a l ly  in the m id l in e .  F o r  each  
p e r s o n ,  m e a s u re m e n ts  of v e r t ic a l  d im ension  a r e  in f in i t e ,  
dependent upon the d e g re e  of s e p a ra t io n  of the ja w s .  F o r  
p ra c t ic a l  p u rp o s e s ,  h o w e v e r ,  they a r e  re d u c e d  to two in 
n u m b e r ,  one w hen the m an d ib le  is  in r e s t  ja w  r e la t io n s h ip ,  
and one w hen the p o s t e r io r  tee th  a r e  in o c c lu s io n  w ith
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maximum contact and in te rc u s p a t io n .  T h e  f o r m e r  is te rm ed  
the r e s t  v e r t ic a l  d im ens io n  and the la t t e r  as  the v e r t ic a l  
d im ension  of o c c lu s io n . T h e  r e s t  v e r t ic a l  d im ension  
n o rm a l ly  e x c e e d s  the v e r t ic a l  d im ension  of o c c lu s io n ,  the  
d i f fe r e n c e  b e ing  accounted  fo r  by the p re s e n c e  o f the  
in te ro c c lu s a l  c le a r a n c e  (F ig .  1 , 1 a  and 1b) w h ich  is  the  
space b e tw een  the m a x i l l a r y  and m a n d ib u la r  o cc lu sa l  
s u r fa c e s  when the m an d ib le  is  at the r e s t  ja w  r e la t io n s h ip .  
T h is  c le a r a n c e  has been e s t im a te d  to be b e tw een  2 and 
4 mm. ( O S B O R N E  1 9 4 9 ,  B E R R Y  1 9 6 0 ,  P O S S E L T  1 9 6 8 ,  
M A C K  1964) but may be as g re a t  as 8 mm. ( A N D E R S O N  
and S T O R E R  1 9 6 6 ,  V I E R H E L L E R  1968 ).  I ts  p re s e n c e  
c o n tr ib u te s  to the su cc e s s  of co m p le te  o r  p a r t ia l  p ro s th e s e s .  
I f  the v e r t ic a l  d im ension  of o c c lu s io n  of co m p le te  d e n tu re s  
is e x c e s s iv e  then the in te ro c c lu s a l  c le a r a n c e  w i l l  be  
in s u ff ic ie n t  o r  even  co m p le te ly  e l im in a te d .  C o n v e r s e ly ,  
i f  the v e r t ic a l  d im en s ion  of o c c lu s io n  is  in s u f f ic ie n t ,  the  
in te ro c c lu s a l  c le a r a n c e  w i l l  be e x c e s s iv e .
H o r iz o n ta l  r e la t io n s h ip s  o f  the m an d ib le  to the m a x i l la  
o c c u r  a n t e r o p o s t e r io r ly  in the sag it ta l  p la n e  and l a t e r a l l y  
in the co ro n a l p la n e .  N o  g e n era l te rm  e x is ts  to d e s c r ib e  
these  h o r iz o n ta l  r e la t io n s h ip s  and it is  d i f f ic u l t  to d e f in e  
any s p e c i f ic  o r  constan t anatom ica l r e f e r e n c e s .  T h e  ra n g e  
of a n t e r o p o s te r io r  and la t e r a l  m a n d ib u la r  m ovem ents  is  
l im i te d  on ly  by the te m p o ro m a n d ib u la r  jo in t ,  and a s s o c ia te d  
m u s c le s  and l ig a m e n ts .  T h e  B R I T I S H  S T A N D A R D S
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I N S T I T U T I O N  (B . S .  I. ) has d e s c r ib e d  the h o r iz o n ta l  
re la t io n s h ip s  of the m and ib le  as c e n t r ic  o c c lu s io n ,  c e n t r ic  
ja w  r e la t io n  and e c c e n t r ic  ja w  r e la t io n .
C e n t r ic  o c c lu s io n  is the r e la t io n  of opposing  o cc lu sa l  
s u r fa c e s  w h ich  p r o v id e  the maximum in te rc u s p a t io n  and  
contact (B .  S .  I .  1969 ). It is dependent upon the p re s e n c e  
of tooth c o n ta c t ,  e i th e r  n a tu ra l  o r  a r t i f i c i a l ,  in the m o la r  
a n d /o r  p r e m o la r  re g io n  of both the m a x i l la  and m an d ib le .
It is e s s e n t ia l ly  a r e la t io n s h ip  of the u p p e r  and lo w e r  tee th  
and may be b e t t e r  d e s c r ib e d  by the te rm  in te rc u s p a l  p o s it io n .  
A s th is  te rm  l im i ts  confusion  by the e l im in a t io n  of the w o rd  
" c e n t r i c " ,  it  is  the one w h ich  shall be used throughout the  
text to be synonymous w ith  the d e f in i t io n  of c e n t r ic  o cc lu s io n  
w hich  is  g iven  above .
C e n t r ic  ja w  r e la t io n  e x is ts  when the co n d y les  a r e  in the  
most p o s t e r io r  p o s it io n  in the g len o id  fo s s a e  at the o c c lu d in g  
v e r t ic a l  d im ension  (B .  S .  I. 1969 ). T h is  has been d e s c r ib e d  
as the l ig am entou s  p o s it io n  o f the m an d ib le  ( B R I L L  et a l .
1959) as it w as  b e l ie v e d  to be l im ite d  by the l ig a m e n ts  of the  
te m p o ro m a n d ib u la r  jo in t .  B e c a u s e  o f the p e rm a n e n c y  of the 
l im it in g  jo in t  s t r u c tu r e s  it is  re p e a te d ly  r e p r o d u c ib le  and is  
c o n s id e re d  to be a r e f e r e n c e  w h ich  re m a in s  constan t fo r  each  
p a t ie n t .  B O U C H E R  (1961 , 1962) d id  not a g r e e  that l im i ta t io n  
of p o s t e r io r  m a n d ib u la r  m ovem ents w as  c o n t ro l le d  by l ig am en t  
H e  c o n c lu d e d , a f t e r  exa m in in g  p a t ie n ts  who had t h e i r  
tem porom andibu l a r  and c a p s u la r  l ig am en ts  s e v e r e d ,  that the  
p o s t e r io r  m a n d ib u la r  m ovem ents w e r e  c o n t r o l le d  by the  
muscul a tu r e .
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T h e r e f o r e  the te rm  " l ig a m e n to u s  p o s it io n "  might be 
question ed . A T W O O D  (1968 ) o b s e rv e d  that the  
im p o rta n c e  of c e n t r ic  ja w  r e la t io n s h ip  lay  in its  use as a 
r e f e r e n c e  f o r  r e s t o r a t io n  o f the o c c lu s io n .  H e  w as  of the  
opin ion  that the movement of the tem porom andibu l a r  jo in ts  
was not c o n t ro l le d  by l ig a m e n ts  a lo n e ,  but by a com bination  
of l ig am en ts  and m u sc les . A c c o r d in g ly ,  he suggested  that  
a m o re  d e s c r ip t iv e  te rm  might be the r e t r u d e d  contact  
p o s i t io n , as c e n t r ic  ja w  r e la t io n s h ip  had no s ig n i f ic a n c e  
w ithout o cc lu sa l co n tac t.  In the p re s e n t  study many ja w  
p o s it io n s  a r e  re c o g n is e d  by occ lu sa l co n tac ts  and the te rm  
re t ru d e d  con tac t p o s it io n  w i l l  be used in p la c e  of the te rm  
c e n t r ic  ja w  r e la t io n .
E c c e n t r ic  ja w  r e la t io n  is  any r e la t io n  w h ich  is  la te r a l  , 
p r o t r u s i v e ,  o r  r e t r u s iv e  to c e n t r ic  ja w  r e la t io n  (B .  S .  I. 
1969). It  is g e n e r a l ly  ac c e p te d  that th ese  re la t io n s h ip s  
a r e  r e p r o d u c ib le  w ith  a l e s s e r  d e g re e  of a c c u ra c y  than  
e i th e r  the in te rc u s p a l  p o s it io n  o r  the r e t r u d e d  contact  
p o s it io n .
2. 2 T h e  S ig n i f ic a n c e  of Jaw  R e la t io n s h ip s  fo r  E d e n tu lo u s  
P a t ie n t s  
2. 2. 1 V e r t i c a l  D im en s io n
T h e  c o n s tru c t io n  o f  com ple te  d e n tu re s  to an in c o r r e c t  
v e r t ic a l  d im ens io n  o f o c c lu s io n  is  one o f the most common  
c a u s e s  of t h e i r  f a i lu r e  (Y O U N G  1 9 4 9 ,  M O R R IS O N  1 9 5 9 ,
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F E N N  et a l . 1961 , S W E R D L O W  1965).  It has been fu r t h e r  
o b s e rv e d  (D O W N S  1 9 6 3 ) ,  that the e s ta b l is h m e n t of the  
c o r r e c t  v e r t ic a l  d is ta n c e  be tw een  the m a x i l la  and the 
m andib le  is  one of the most p e r p le x in g  p ro b le m s  in com plete  
d e n tu re  c o n s tru c t io n .  It has been noted a l re a d y  that the  
v e r t ic a l  d im ension  of o cc lu s io n  may be e i t h e r  e x c e s s iv e  o r  
in s u f f ic ie n t .
E x c e s s iv e  V e r t ic a l  D im en s io n
I f  the v e r t ic a l  d im ension  of o cc lu s io n  o f  com ple te  
d e n tu re s  is  e x c e s s iv e ,  the p a t ie n t  may s u f fe r  d is c o m fo r t  
in the load b e a r in g  a r e a  u n d e r  the d e n tu r e ,  and in s e v e r e  
cases  t ra u m a t ic  b ru is in g  o r  u lc e r a t io n  may o c c u r .  I f  the  
in te ro c c lu s a l  c le a r a n c e  is  co m p le te ly  e l im in a te d ,  m usc le  
fa t ig u e  and c l ic k in g  of the tee th  on sp eak in g  is o ften  
o b s e rv e d .  T h e  g e n e ra l  a p p e a ra n c e  of the p a t ie n t  is one of  
s t ra in  (F ig .  1 , 2a  and 2b). D i f f i c u l t i e s  of speech a r i s e ,  
e s p e c ia l ly  in fo rm a t io n  of the consonants  " T h "  w h e r e  the  
tongue must move b e tw een  the m a x i l la r y  and m a n d ib u la r  
te e th ,  " P ,  B ,  and M 1' w h e re  the l ip s  must m ake c o n ta c t ,  
and " C ,  Z ,  S ,  J ,  and C h "  w h e r e  teeth  c l ic k in g  may be  
e x tre m e ly  a u d ib le .  T h is  s i tu a t io n ,  i f  le f t  u n t r e a te d ,  may 
som etim es be r e s o lv e d  due to r e s o r p t io n  of the s u p p o rt in g  
a lv e o la r  r id g e  ( N IS W O N G E R  1 9 3 4 ,  M C G E E  1 9 4 7 ,
O S B O R N E  1 9 4 9 ,  S M I T H  1 9 5 8 ,  N A G L E  and S E A R S  1 9 6 2 ,  
B O U C H E R  1963) and a t t r i t io n  o f the a c r y l i c  tee th  of the  
d e n tu re s  ( T H O M S O N  196 7 ) .  F e w  p a t ie n ts ,  h o w e v e r ,  can
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to le r a te  the d is c o m fo r t  o v e r  the p e r io d  of tim e n e c e s s a ry  
fo r  th is  to o c c u r .  R e s o rp t io n  of bone in the d e n tu re  b e a r in g  
a r e a  may a ls o  o c c u r ,  to g e th e r  w ith  d isp lacem e n t of d e n tu re s  
into the mucosa o f the d e n tu re  b e a r in g  a r e a s  r e s u l t in g  in 
i r r i t a t i o n  and muscosal h y p e rp la s ia .
In s u ff ic ie n t  V e r t i c a l  D im en s io n
If  the v e r t ic a l  d im ens io n  of o c c lu s io n  is  in s u f f ic ie n t ,  
the p a t ie n t  may e x p e r ie n c e  m u s c u la r  in e f f ic ie n c y  ( K O V A T S  
1967) as the m usc les  of m a s t ic a t io n  s u f fe r  some lo ss  of  
p o w e r  when they c o n tra c t  beyond norm al o cc lu sa l leve l  
(B O O S  1 9 4 0 ,  T H O M P S O N  1946 ).  C h eek  b i t in g  may a ls o  
o c c u r  as the cheeks  may c o l la p s e  in to  the space  r e s u l t in g  
fro m  the e x c e s s iv e  in te r o c c lu s a l  c le a r a n c e .  In s e v e r e  
c ases  the p a t ie n t  e x h ib i ts  an abnorm al a p p e a ra n c e  (F ig .  1 ,
3a and 3b) w ith  the f o r w a r d  p o s tu r in g  of the m and ib le  
n e c e s s a ry  to a c h ie v e  co n tac t  b e tw een  the m a x i l la r y  and  
m a n d ib u la r  tee th  ( C H IC K  1 9 4 9 ,  L A N D A  1954 ).  A t  the  
an g les  o f the mouth fo ld s  d eve lop  and becom e co n s ta n t ly  
bathed in s a l iv a  le a d in g  to b re a k d o w n  of the s k in ,  s o re n e s s  
and in f lam m ation  (M C G E E  1947 ) .  An in s u f f ic ie n t  v e r t ic a l  
dim ension  of o c c lu s io n  w h ich  p e r s is t s  f o r  any length  o f  
tim e may a ls o  g iv e  r i s e  to p a in  in the  re g io n  of the 
te m p o ro m a n d ib u la r  jo in t  ( P O S S E L T  1 9 6 2 ,  N A G L E  and  
S E A R S  1962 ) .
2. 2. 2 H o r iz o n ta l  Jaw  R e la t io n s h ip s
In the n a tu ra l  d e n t i t io n  the re t r u d e d  co n tac t p o s it io n  
does not commonly c o in c id e  w ith  the in te rc u s p a l  p o s it io n
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( B R I L L  et a l .  1 9 5 9 ,  P O S S E L T  1968 ). T h is  d is c re p a n c y  
is  c o n s id e re d  to be a "m in o r  m a lo c c lu s io n "  ( B O U C H E R  
1964) but can re s u l t  in dam age to s u p p o rt in g  t is s u e s  of the  
te e th ,  dam age w h ich  w i l l  becom e m o re  a p p a re n t  w ith  age.
In com ple te  d e n tu r e s ,  h o w e v e r ,  th is  d is c re p a n c y  is  
avo ided . T h e  r e t r u d e d  con tact p o s it io n  is r e c o r d e d  and  
casts  a r e  mounted in th is  p o s it io n  on an a r t i c u la t o r .  T e e th  
a r e  then set in the in te rc u s p a l  p o s i t io n ,  to co in c id e  w ith  the  
re t r u d e d  contact p o s it io n  a l r e a d y  re c o rd e d .
E c c e n t r ic  ja w  p o s it io n s  may be re c o rd e d  by means of  
w axes  o r  s im i la r  su b s tan ces  p la c e d  be tw een  the occ lu sa l  
s u r fa c e s  of the tee th  o r  r e c o r d  b lo c k s .  T h e s e  o cc lu sa l  
r e c o r d s  a r e  t r a n s f e r r e d  to the a r t i c u la t o r  w h ich  can then 
be ad ju s te d  to s im u la te  some of the c o n d y la r  movements  
p a r t i c u la r  to that p e rs o n  ( C H R I S T E N S E N  1905).
In c o r r e c t  H o r iz o n ta l  Jaw  R e la t io n s h ip s
In the c o n s tru c t io n  of co m ple te  d e n tu re s  the b a s ic  
re p ro d u c ib le  h o r iz o n ta l  ja w  r e la t io n s h ip  w h ich  is r e c o r d e d  
is the r e t r u d e d  co n tac t  p o s it io n .  T h is  re c o r d in g  is  used to 
p o s it io n  ca s ts  on an a r t i c u la t o r .  D e n tu re s  c o n s tru c te d  to 
th is  ja w  re la t io n s h ip  have  tee th  set to a l lo w  maximum  
in te rc u s p a t io n  in the in te rc u s p a l  p o s it io n .  In th is  w ay  the  
r e c o rd e d  re t r u d e d  con tac t p o s it io n  and the in te rc u s p a l  
p o s it io n  w i l l  a lw a y s  c o in c id e  on the a r t i c u la t o r .  I f  the  
re t r u d e d  co n tac t  p o s it io n  is  r e c o r d e d  in c o r r e c t ly  both  
p o s it io n s  w i l l  s t i l l  c o in c id e  on the a r t i c u l a t o r ,  a lthough
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they w i l l  not c o in c id e  in the mouth. I f  co m p le te  d e n tu re s  
a r e  c o n s tru c te d  to such a re c o r d in g  any attem pt to r e t r a c t  
the m an d ib le  to the r e t r u d e d  co n tact p o s it io n  w i l l  be  
re s is te d  by the tee th  at the in te rc u s p a l  p o s it io n .  T h is  can  
r e s u l t  in t ra u m a  and p a in  to the u n d e r ly in g  m u cosa , o r  
v a r y in g  amounts of d is p la c e m e n t o r  sh if t  of the d e n tu re s .
S i m i la r  fa u l ts  w ould  be a p p a re n t  in e c c e n t r ic  m a n d ib u la r  
e x c u rs io n s ,  as a c o r r e c t l y  b a lan ced  o c c lu s io n  is  f i r s t l y  
dependent on a c o r r e c t l y  r e c o rd e d  r e t r u d e d  contact  
p o s it io n .
It has a l r e a d y  been noted that e c c e n t r ic  o cc lu sa l ja w  
re c o r d s  can be used to ad ju s t the s e t t in g s  of an a r t i c u la t o r .
I f  com ple te  d e n tu re s  a r e  made in th is  w a y ,  then the e c c e n t r ic  
o cc lu s io n  is m o re  l ik e ly  to be b a lan ced  than when the a r t i c u la t o r  
has not been so a d ju s te d .  A  b a lan ced  o c c lu s io n  w il l  re d u c e  
cuspal and in c is a l  i n t e r f e r e n c e  d u r in g  m a n d ib u la r  e x c u r s io n s , 
i n t e r f e r e n c e  w h ich  may cau se  in s ta b i l i t y  of both m a x i l l a r y  and  
m a n d ib u la r  d e n tu r e s ,  and t ra u m a t ic  le s io n s  to the d e n tu re  
b e a r in g  m ucosa.
2. 2. 3 R es t  Jaw  R e la t io n s h ip
It is o n ly  when the m an d ib le  is in r e s t  r e la t io n s h ip  to 
the m a x i l la  that the amount o f in te ro c c lu s a l  c le a r a n c e  can  
be d e te rm in e d .  T h e  r e s t  r e la t io n s h ip  is  not r e c o r d e d  by 
the c l in ic ia n ,  but is used  as  a r e f e r e n c e  f ro m  w h ic h ,  
a c c o rd in g  to the d e g re e  o f in te ro c c lu s a l  c le a r a n c e  p r e s e n t ,  
he can a s s e s s  the a c c u ra c y  of the r e c o r d in g  o f  the v e r t ic a l
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dim ension  of o c c lu s io n .
T h e  v a lu e  of such a method of assessm en t is  dependent  
upon the constan cy  of the r e s t  r e la t io n s h ip .  T h e  v ie w  in 
fa v o u r  of con stancy  has been e x p re s s e d  by T H O M P S O N  
and B R O D  IE  (1 9 4 2 ) ,  T H O M P S O N  (1946 ) and L A S T  (1 9 5 5 ) .  
M o re  re c e n t  s tu d ie s ,  h o w e v e r ,  u s in g  r a d io g r a p h ic  and  
el e c t ro m y o g ra p h ic  tech n iq u es  ( O L S E N  1951 , T A L L G R E N  
1 9 5 7 ,  F I S H  1 9 6 1 ,  1 9 6 4 ,  H I C K E Y ,  et a l . 1 9 6 1 ,  A T W O O D  
1966) h ave d e m o n s tra te d  a v a r i a b i l i t y  in the r e s t  r e la t io n s h ip  
which  r e n d e r s  it u n s u ita b le  fo r  use as  a r e f e r e n c e .
2. 3 Comment
T h e r e  is l i t t l e  doubt r e g a r d in g  the im p o rta n c e  of 
r e c o rd in g  c o r r e c t  ja w  r e la t io n s h ip s  in p r o s th e t ic  d e n t is t r y .  
T h e  s itu a t io n  is  w e ll  su m m a ris e d  by B E R R Y  (1960 ) who  
sta ted  that " m o re  d e n tu re s  fa i l  f ro m  w ro n g  ja w  re la t io n s h ip s  
than f ro m  any o th e r  c a u s e " , and o b s e rv e d  that the p r o c e d u r e s  
used in 1960 f o r  r e c o r d in g  ja w  re la t io n s h ip s  w e r e  no m o re  
s c ie n t i f ic  o r  p r e c is e  than they w e r e  100 y e a r s  ago. T h is  
statem ent could  w e ll  be re p e a te d  today.
It seem s re a s o n a b le  to s ta te  t h e r e f o r e ,  that in o r d e r  
to c o n s tru c t  d e n tu re s  w h ich  s a t is fy  the b a s ic  re q u ire m e n ts  
of c o m fo r t ,  a p p e a r a n c e ,a n d  fu n c t io n ,  m o re  a t te n t io n  should  
be g iven  to f in d in g  a p r e c is e  method of r e c o r d in g  v e r t ic a l  
and h o r iz o n ta l  ja w  r e la t io n s h ip s .
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IN T R O D U C T IO N
T h e  r e v ie w  o f the l i t e r a t u r e  is  d iv id e d  into  
th re e  c h a p te r s ,  the f i r s t  is a g e n era l d e s c r ip t io n  
of the methods a v a i la b le  f o r  r e c o r d in g  ja w  r e ­
la t io n s h ip s ,  w h i ls t  the second c o m p r is e s  a d e ta i le d  
r e v ie w  of the c o r r e la t io n  b e tw een  s w a l lo w in g  and  
ja w  re la t io n s h ip s .  T h e  fina l c h a p te r  is a b r i e f  
account of methods o f o b ta in in g  da ta  r e g a r d in g  
m a n d ib u la r  movem ents and ja w  r e la t io n s h ip s .
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R E C O R D IN G  J A W  R E L A T I O N S H I P S  
3. 1 In tro d u c t io n
T h e  re c o r d in g  of ja w  r e la t io n s h ip s  f o r  eden tu lous  
p a t ie n ts  in v o lv e s  the use of r e c o r d  b lo c k s ,  w h ich  a r e  
c o n s tru c te d  on c a s ts  o f the m a x i l la r y  and m a n d ib u la r  
d e n t u r e - b e a r in g  a r e a s .  T h e s e  b lo cks  should h ave  f i rm  
w e l l - f i t t i n g  b ases  w hich  w i l l  not d is to r t  in the mouth.
B a s e s  a r e  commonly fo rm e d  in a c r y l i c  r e s i n ,  a lthough  
many c l in ic ia n s  use w a x  o r  s h e l la c  r e s in  f o r  re a s o n s  
of speed and s im p l ic i ty .  T h e  occ lu sa l r im s  of the b lo cks  
may be fo rm ed  in im p re s s io n  com pound, a m ix tu re  of  
pum ice and p la s t e r  of P a r i s  o r ,  most com m only , w ax .
W hen re c o r d in g  the ja w  re la t io n s h ip s  fo r  a p a t ie n t ,  
the r im s  o f the m a x i l la r y  and m a n d ib u la r  b lo c k s  a r e  c a rv e d  
until they meet e v e n ly  at w hat is c o n s id e re d  to be the 
c o r r e c t  v e r t ic a l  and h o r iz o n ta l  ja w  re la t io n s h ip s .  T h e y  
a r e  then s e a le d  to g e th e r  to p ro v id e  a r e c o r d .  T h is  s tage  
in the c o n s tru c t io n  of d e n tu re s  is s u b jec t  to a c e r ta in  
d e g re e  of e r r o r ,  and it is  not s u r p r is in g  to f in d  r e p o r te d  
a v a r ie t y  o f tech n iq u es  w h ich  a r e  a v a i la b le  to a c h ie v e  a 
s im i la r  end r e s u l t .
3. 2 V e r t ic a l  D im en s io n
K U R T H  (19 5 9 )  has s ta ted  that i f  any one method fo r  
the d e te rm in a t io n  of v e r t ic a l  d im ension  f o r  the eden tu lou s  
p a t ie n t  w e r e  the most a c c u r a t e ,  then that w ou ld  be the
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techn iq ue  w h ich  should be used. W hen one c o n s id e rs  the  
la r g e  v a r ie t y  of tech n iq u es  w h ich  a r e  used to r e c o r d  the  
v e r t ic a l  d im e n s io n ,  it is  a p p a re n t  that no s in g le  a p p ro ach  
h a s ,  as y e t ,  been c o n s id e re d  a b s o lu te ly  r e l i a b le .  A  
techn ique  found s a t is fa c to r y  by one o p e r a t o r  may be co n ­
s id e re d  u n s a t is fa c to ry  by a n o th e r ,  o r  a l t e r n a t iv e ly  may 
be s a t is fa c to r y  when used fo r  one p a t ie n t  and u n s a t is fa c to ry  
when used f o r  a n o th e r .  C o m b in a tio n s  of tech n iq u es  a r e  
often  used in the s e a rc h  f o r  a c c u r a te  r e s u l ts .
A id s  in the d e te rm in a t io n  of v e r t ic a l  d im ension  in c lu d e  
fac ia l  m e a s u re m e n ts  (both p r e -  and p o s t - e x t r a c t io n ) ,  
functiona l mandibul a r  m o vem en ts , and fa c ia l  a p p e a ra n c e .
A  f u r t h e r  method e x is ts  w h e re b y  a p a t ie n t  may s e le c t  h is  
own v e r t ic a l  d im ension  a c c o rd in g  to m em ory o r  co m fo rt .  
R e c o rd in g s  o f v e r t ic a l  d im ension  by these  methods a r e  
w ith  re s p e c t  to the v e r t ic a l  d im ens io n  o f o c c lu s io n .
3. 2. 1 F a c ia l  M e a s u re m e n ts
A. P r e - e x t r a c t i o n
A c c u r a te  fa c ia l  m e a s u re m e n ts  may be o b ta in ed  f ro m  
r e c o r d s  made p r i o r  to e x t r a c t io n  of te e th ,  and it has been  
advocated  that th is  should  be a r e g u l a r  p r o c e d u r e  
( T U R R E L L  1955 ).
E a r l i e r  w o r k e r s  ( W I L L I S  1 9 3 0 ,  W R IG H T  1 9 3 9 ,
B O Y L E  1947) suggested  that p r e - e x t r a c t io n  p h o to g rap h s  
o f p a t ie n ts  should be ta k e n ,  r e f e r e n c e  b e ing  m ade to th ese  
at a l a t e r  d a te  in the c o n s tru c t io n  of co m ple te  d e n tu re s .
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A  p hotog rap h  of an a n t e r io r  fa c ia l  v ie w  could  be e n la rg e d  
to n a tu ra l  s iz e  by lo c a t in g  s p e c i f ic  anatom ica l r e f e r e n c e s ,  
m e a s u r in g  the d is ta n c e  s e p a ra t in g  them , and re p ro d u c in g  
th is  in the p h o to g ra p h ic  p r in t .  T h e  r e fe r e n c e s  suggested  
w e r e  the p u p i ls  o f  the e y e s ,  th e i r  d is ta n c e  a p a r t  b e ing  
known as the in te rp u p i 11 a r y  d is ta n c e .  D e n tu re s  w e r e  
c o n s tru c te d  fo r  the p a t ie n t  in o r d e r  that the  b r o w - c h in  
d is ta n c e  on the p a t ie n t  e q u a lle d  the b r o w -c h in  d is ta n c e  on the  
ph o to g rap h . I f  s m a l le r  p r in t s  w e r e  used the same r e s u l t  
could be ac h ie v e d  by the a p p l ic a t io n  of a r i th m e t ic a l  p r o p o r t io n  
betw een  s im i la r  anatom ica l r e f e r e n c e s  on the p a t ie n t  and on 
the ph o to g rap h .
P h o to g ra p h s  could  a lso  be taken  in p r o f i l e  at the  
v e r t ic a l  d im ension  o f  o c c lu s io n ,  a c c u r a te  e n la rg e m e n t  b e ing  
ac h ie v e d  by in c lu d in g  a r u l e r  at the t im e  o f e x p o s u re  
(B O U C H E R  1970 ) .  O th e r  m ethods o f r e c o r d in g  the fa c ia l  
p r o f i l e  o f  a p a t ie n t  in c lu d ed  la te r a l  r a d io g ra p h s  ( W I L L I S  
1 9 3 0 ,  D O U G L A S  and M A R I T A T O  1967) m ould ing  g a lv in iz e d  
i ro n  o r  soft lead  w i r e  to the fa c e  fro m  the fo re h e a d  to the  
chin ( M E R K E L E Y  1 9 5 3 ,  F E N N  et a l . 1 961) a c a rd b o a rd  
p r o f i l e  t r a c in g  ( T U R N E R  1969) o r  by m aking  a p r o f i l e  
im p re s s io n  in h y d r o c o l lo id  u s in g  c o n to u re d  p lu m b e r 's  p ip e  
s tra p p in g  to s im u la te  a t r a y  ( S M IT H  1971 ). T h e  la t t e r  
tech n iq u e  co u ld  be ex ten d ed  to in c lu d e  an im p re s s io n  of 
the w h o le  f a c e ,  a cas t p o u re d  f ro m  th is  im p re s s io n  b e in g  
used  to c o n s tru c t  a fa c e  m ask in c le a r  a c r y l i c  r e s in .  T h is
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had an ad van tag e  o v e r  the o th e r  tech n iq u es  as  it  not on ly  
r e g is te r e d  a b ro w  to ch in  p r o f i l e  r e c o r d in g ,  but a lso  
p ro v id e d  a gu ide  to the r e s t o r a t io n  of a p p e a ra n c e  if  the  
c l in ic ia n  w as  l a t e r  p re s e n te d  w ith  a c o l la p s e d  fa c ia l  
co ntou r.
F r o m  a ll  p r o f i l e  w o r k ,  an anatom ica l te m p la te  of the  
p r e - e x t r a c t io n  p r o f i l e  o f the p a t ie n t  may be c o n s t ru c te d ,  
and subsequent d e n tu re s  des ig n ed  to r e s t o r e  the fa c ia l  
contour to th is  p r o f i l e .
D i r e c t  m easu rem en t o f the v e r t ic a l  d im ension  of  
o cc lu s io n  to g e th e r  w ith  the  p o s it io n  of the u p p e r  c e n tra l  
in c is o rs  may be m ade u s in g  the d a k o m e te r  ( F ig .  2 , 1 ) .
T h is  in s tru m e n t c o n s is ts  of a c a r r i e r  to convey im p re s s io n  
compound to the b r id g e  of the n o s e ,  an a d ju s ta b le  c h in p ie c e ,  
and an attachment to r e c o r d  the p o s it io n  o f the m e s io - in c is a l  
point o f the u p p e r  c e n tra l  in c is o r s .  T h e  la t t e r  two  
components a r e  a d ju s ta b le  a long  a v e r t ic a l  s c a le  c a l ib r a te d  
in m i l l im e t r e s .  T h e  r e a d in g s  ob ta in ed  a r e  e n te re d  in the  
p a t ie n t 's  t re a tm e n t  c a rd  and the compound im p re s s io n  is  
p r e s e r v e d .  S u b s e q u e n t ly ,  d e n tu re s  can be c o n s tru c te d  
to th ese  d im e n s io n s ,  by r e - a s s e m b l in g  the in s tru m e n t  and  
using  it f o r  g u id an ce .
An in s tru m e n t  (F ig .  2 , 2 )  w h ich  used p r in c ip le s  s im i la r  
to the d a k o m e te r  w a s  the W i l l i s  gauge ( W I L L I S  1 9 3 0 ) ,  
w h ich  c o n s is te d  o f  a s c a le  g ra d u a te d  in m i l l im e t r e s  w ith  
a f ix e d  a rm  (A ) and a m ovab le  a rm  (B ) .  T h e  f ix e d  a rm
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w as p la c e d  at the base of the nose and the  m ovab le  a rm  
in co n tac t w ith  the sk in  o f the lo w e r  b o r d e r  of the m an d ib le  
and the in te r v e n in g  d is ta n c e  w as  m e a s u re d .  T h e  v e r t ic a l  
d im ension  o f o c c lu s io n  w as  thus r e c o r d e d  and re p ro d u c e d  
l a t e r  in com plete  d e n tu re s .
P e rm a n e n t  r e fe r e n c e s  h ave  been p ro d u c e d  by in t r a -  
e p ith e l ia l  in je c t io n  of In d ian  ink into the lab ia l  m ucosa of 
both the m an d ib le  and the m a x i l l a ,  o cc lu s a l  to the 
m ucogingival ju n c t io n  ( S IL V E R M A N  1950 ).  T h is  tech n iq u e  
w as m o d if ied  by T U R R E L L  (1955 ) who m a rk e d  the most 
o cc lu sa l po in t o f  a ttachm ent of the la b ia l  m a n d ib u la r  and  
m a x i l la r y  f r e n a  w ith  an in d e l ib le  p en c il  , w h ich  avo ided  
p erm an en t m a rk in g .  It w as  c la im ed  that the p e rm a n e n c y  of 
the f r e n a  a l lo w e d  the m a rk s  to be re p ro d u c e d  a c c u r a te ly  at 
any tim e. In both th e s e  methods m easu rem en t of the d is ta n c e  
b e tw een  the p o in ts  at the v e r t ic a l  d im ension  of o c c lu s io n  w as  
r e c o r d e d ,  and d e n tu re s  could  be c o n s tru c te d  in the fu tu r e  
w ith  a v e r t ic a l  d im ens io n  of o c c lu s io n  w h ich  c o rre s p o n d e d  
to the re c o r d e d  m ea s u re m e n ts .
O ne method w h ich  d id  not in v o lv e  com plex  p r o c e d u r e s  
o r  in s tru m e n ta t io n  made use of dental c a s ts  in o c c lu s io n .  
Im p re s s io n s ,  to g e th e r  w ith  a w a x  r e c o r d  o f  the teeth  in 
the in te rc u s p a l  p o s i t io n ,  w e r e  taken  p r i o r  to e x t r a c t io n s .  
C a s ts  o f the p a t ie n t 's  mouth w e r e  p o u re d  f ro m  these  
im p re s s io n s  and mounted in the in te rc u s p a l  p o s it io n  on an 
a r t i c u la t o r .  T h is  m ethod p ro v id e d  not on ly  a r e c o r d  of
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the v e r t ic a l  d im ension  o f  o c c lu s io n ,  but a ls o  a gu ide to the  
p o s it io n in g  o f the a r t i f i c i a l  tee th . A  re f in e m e n t  o f th is  
tech n iqu e  has been d e s c r ib e d  by H E I N T Z  and P E T E R S  
(1959) who mounted tee th  f ro m  the c a s ts  d i r e c t ly  on to 
r e c o r d  b lo c k s  and c la im e d  to r e p ro d u c e  a c c u r a te ly  both  
v e r t ic a l  d im ension  and tooth p o s it io n .
Comment
P h o to g ra p h ic  tech n iq u es  a r e  t im e consum ing and su b jec t  
to c o n s id e ra b le  e r r o r .  E n la rg e m e n t  of p r in t s  and co m p a ris o n  
betw een  p h o to g rap h s  and fa c e  r e q u i r e s  r e l i a b le  s ta b le  
anatom ical r e fe r e n c e s .  T h e  v a r i a b i l i t y  of the soft t is s u e s  
of the fa c e  r e s u l t in g  f ro m  age ch a n g e s ,  e m o tio n , i l ln e s s  o r  
t ra u m a ,  coupled  w ith  the d i f f ic u l ty  in o b ta in in g  a s t ra ig h t  
l in e  m easu rem en t o v e r  a c o n to u re d  s u r fa c e  suggest that  
r e f e r e n c e s  on the fa c e  a r e  n e i th e r  r e l i a b le  n o r  s ta b le .  T h e  
suggested  use  of the p u p i ls  of the e y e s ,  w h ich  a r e  m ovab le  
r e f e r e n c e s ,  w ould  a p p e a r  to be even le s s  r e l i a b le .
R a d io g ra p h ic  tech n iq u es  w i l l  p r o v id e  anatom ica l  
r e fe r e n c e s  on bone f ro m  w h ich  m e a s u re m e n ts  can be made  
(B J O R K  and P A L L I N G  1 9 5 5 ,  N Y L E N  1961 ).  It may be 
d i f f i c u l t ,  h o w e v e r ,  to e n s u re  that the head  o f the s u b jec t  
is in e x a c t ly  the same p o s it io n  i f  re p e a te d  e x p o s u re s  a r e  
r e q u i r e d .  P r a c t ic a l  c o m p lic a t io n s  a ls o  e x is t  w ith  r e g a r d  
to r a d ia t io n  h a z a r d s  to p a t ie n ts ,  a lthough the use of  
in te n s ify in g  s c re e n s  r e s u l ts  in a c o n s id e r a b le  re d u c t io n  in
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dosage. T h e  method is in a c c u r a t e ,  h o w e v e r ,  as bony  
r e fe r e n c e  p o in ts  cannot be lo c a te d  to the s u r fa c e  of the  
fa c e  w ith  any c e r ta in ty .
A l l  m ea s u re m e n ts  o f  fa c ia l  p r o f i l e  s u f fe r  f ro m  the fa c t  
that r e c o r d in g s  a r e  made on soft t is s u e s ,  and th ese  a r e  
su b jec t to d is p la c e m e n t by the r e c o r d in g  a p p a r a tu s ,  w h ich  
may be as g re a t  as  2 mm in the v e r t ic a l  p la n e  ( T U R R E L L  
1972). In an in v e s t ig a t io n  in to  the a c c u ra c y  of the W i l l i s  
gauge ( M C M IL L A N  and IM B E R  1968) it w as  d e m o n s tra te d  
that f ro m  53 c l in ic ia n s ,  not one w as  a b le  to r e c o r d  th re e  
iden tica l m e a su rem en ts  on a p a t ie n t  w ith  h e r  m and ib le  at 
the v e r t ic a l  d im ension  o f o c c lu s io n .  V a r ia t io n s  be tw een  
m easu rem en ts  w e r e  o ften  g r e a t e r  than the exp ec ted  
in te ro c c lu s a l  c le a r a n c e .  It is  p o s s ib le  that the d a k o m e te r  
might p ro d u c e  a m o re  a c c u r a te  r e c o r d in g  as the c a r r i e r  
and c h in p ie c e  a r e  p o s it io n e d  at the b r id g e  o f the nose and  
at the lo w e r  b o r d e r  of the m a n d ib le ,  a r e a s  w ith  r e la t i v e ly  
l i t t l e  soft t is s u e  c o v e ra g e .  F E N N  et a l . (1 9 6 1 )  s ta ted  the  
e r r o r  o f the d a k o m e te r  to be on ly  ^ 1 mm, w h ich  is  p e rh a p s  
m is le a d in g ,  as when co m p ared  to an in te ro c c lu s a l  c le a r a n c e  
of 2 - 4  mm, it r e p r e s e n t s  a n y th in g  fro m  a 25%  to 50% e r r o r .
In t r a - e p i th e l  ial m a rk in g s  may be usefu l p ro v id e d  the  
attach ed  m ucosa re m a in s  t ig h t ly  bound to the u n d e r ly in g  
bone. I f  the bone u n d e rg o e s  r e s o r p t io n  the p ro b le m  o f  
lo c a t in g  r e f e r e n c e s  on m ovab le  t is s u e  w i l l  ag a in  a r i s e .  
F r e n a l  m a rk in g s  have been ad m itted  by T U R R E L L  (1 9 5 5 )  to
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be le s s  a c c u r a te  than in t r a - e p i t h e l  ial m a rk in g s .
T h e  s im p les t  and most r e l i a b le  method of m aking  p r e ­
e x t ra c t io n  r e c o r d s  a p p e a rs  to be the mounting on an 
a r t ic u la t o r  o f c a s ts  of the tee th  in the in te rc u s p a l  p o s i t io n ,  
so e l im in a t in g  some of the v a r i a b i l i t y  r e s u l t in g  fro m  
r e c o rd in g s  on m ovab le  t is s u e s .
In s p ite  of the  c o n s id e ra b le  a t te n t io n  g iven  to m ethods  
of r e c o rd in g  p r e - e x t r a c t io n  m easu rem en ts  the f in a l po in t  
of e v a lu a t io n  c o n s id e rs  not so much the r e l i a b i l i t y  o f the  
techn iques  d e s c r ib e d ,  but w h e th e r  o r  not it is d e s i r a b le  
to c o n s tru c t  co m ple te  d e n tu re s  to p r e - e x t r a c t io n  
m easu rem en ts . F r o m  the l i t e r a t u r e  r e v ie w e d  it is  c le a r  
that th e re  is  a school of thought in fa v o u r  of th is ,  but m o re  
re c e n t ly  o th e r  in v e s t ig a to r s  ( O L S E N  1951 , T A L L G R E N  
1 9 5 7 ,  H I C K E Y  et al. 1 961 , A T W O O D  1 9 6 6 ,  N A IR N  and  
C U T R E S S  1967) h ave  d e m o n s tra te d  that changes in fa c ia l  
v e r t ic a l  d im ension  commonly o c c u r  a f t e r  e x t ra c t io n  of the  
teeth . In the l ig h t  of th e s e  d is c lo s u r e s  it w ould  a p p e a r  
that ro u t in e  c o n s tru c t io n  of co m p lete  d e n tu re s  to p r e ­
e x t ra c t io n  m e a s u re m e n ts  may be c o n t r a - in d ic a te d .
B. P o s t - e x t r a c t io n
O th e r  m ethods o f re c o r d in g  v e r t ic a l  d im ens io n  must 
be em ployed if  the p a t ie n t  is  a l r e a d y  ed en tu lo u s  when  
p re s e n t in g  f o r  t re a tm e n t .  It has been suggested  ( W I L L I S  
1935) that w hen the d is ta n c e  fro m  the b ase  of the n ose  to 
the lo w e r  b o r d e r  of the m an d ib le  w as  equal to the d is ta n c e
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fro m  the pupil of the eye  to the p a r t in g  l in e  of the l ip s ,  
the c o r r e c t  v e r t ic a l  d im ension  had been re a c h e d .  
K A N T O R O W IC Z  (1932 ) c o n s id e re d  v e r t ic a l  d im en s ion  to 
be c o r r e c t  when the lo w e r  th i rd  of the fa c e  w as  equal to 
the length  of the nose. T h e  use of e i t h e r  o f these  techn iqu es  
r e q u i r e s  m o d if ic a t io n  o f  the d e n tu re s  o r  r e c o r d  b lo c k s  until 
the suggested  s itu a t io n  is  re p ro d u c e d  at the v e r t ic a l  d im ension  
of o cc lu s io n .
N A G L E  and S E A R S  (1962 )  suggested  that the c o r r e c t  
d is ta n c e  be tw een  the m a x i l la  and m an d ib le  at the v e r t ic a l  
dim ension  of o c c lu s io n  w as  o ften  p re s e n t  when p a r a l le l is m  
ex is te d  b e tw een  the eden tu lous  a lv e o la r  r id g e s  o f the  
m a x i l la  and m an d ib le .  A lthough  d i f f ic u l t  to d e te rm in e  w ith  
r e c o r d  b lo c k s  in the  m outh , the p r e s e n c e  of p a r a l le l is m  
could be v e r i f i e d  a f t e r  the c a s ts  had been mounted on an  
a r t ic u l  a to r .
A  f u r t h e r  method o f o b ta in in g  the v e r t ic a l  d im ension  
w as put fo r w a r d  by M C K E V I T T  (1 9 5 7 ) ,  who advocated  that  
the m a x i l la r y  r e c o r d  b lo ck  should  be c a rv e d  until the  
d e s ire d  l ip  c o n to u r  w as  ob ta in ed  and then re d u c e d  until it 
w as 1 mm s h o r t  o f  the u p p e r  l ip  l in e  w ith  the l ip  in re p o s e .
T h e  m a x i l la r y  o cc lu sa l p la n e  w as  d e te rm in e d  by tr im m in g  
the p o s t e r io r  r im  o f the b lo c k  p a r a l le l  to a l in e  f ro m  the  
a la  o f the nose to the  t ra g u s  o f the e a r .  T h e  lo w e r  r im  
w as s im i la r ly  m a rk e d  and tr im m ed  and the b lo c k s  w e r e  
s e a le d  to g e th e r  in the mouth.
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S e v e r a l  a u th o rs  ( C R A D D O C K  1 9 5 6 ,  L A M M IE  
1 9 5 6 ,  F E N N  et al. 1961) have suggested  that the v e r t ic a l  
dim ension  of o cc lu s io n  may be o b ta in ed  by r e f e r e n c e  to 
the r e s t  v e r t ic a l  d im en sio n . In th is  method a v e r t ic a l  
d is ta n c e  b e tw een  the ja w s  w as  f i r s t  m e a s u re d  at the 
r e s t  v e r t ic a l  d im ension . T h e  occ lu sa l r im s  o f  r e c o r d  
b lo cks  w e r e  tr im m ed  until they co n tac ted  e v e n ly  at that 
d im ension . By then re d u c in g  the lo w e r  o cc lu sa l r im  
by 2 - 3  mm, the in te ro c c lu s a l  c le a r a n c e  and the v e r t ic a l  
d im ension  of o c c lu s io n  w as  e s ta b l is h e d .
Comment
A l l  the p o s t - e x t r a c t io n  tech n iq u es  d e s c r ib e d  
a r e  r a t h e r  h a p h a z a rd  and u n s u b s ta n t ia te d  by s c ie n t i f ic  
e v id en ce . It has been o b s e rv e d  ( W I L L I S  1935) that the  
fa c ia l  p ro p o r t io n s  a r e  a f fe c te d  by f r a c t u r e d  te e th ,  
m a lo c c lu s io n ,  g ro s s  a t t r i t i o n ,  and g ro s s  i r r e g u l a r i t y  
o f tee th . H A R V E Y  (1948 ) d e m o n s tra te d  that the e q u a l i ty  
of m e a su rem en ts  suggested  by W I L L I S  (1 9 3 5 )  o c c u r r e d  
in on ly  27% of c a s e s ,  w h i ls t  B O W M A N  and C H IC K  (1962 )  
found e q u a l i ty  in on ly  9% o f cases .
T h is  e v id e n c e ,  to g e th e r  w ith  the w o rk  o f  
T A L L G R E N  (19 5 7 )  and N A IR N  and C U T R E S S  (1967)  
who d e m o n s tra te d  changes  in both v e r t ic a l  d im en s io n  of 
o c c lu s io n  and r e s t  v e r t ic a l  d im ension  w ith  age ing  and 
fo l lo w in g  the e x t r a c t io n  of te e th ,  in d ic a te s  that the  
m ethod is  u n r e l ia b le .
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T h e  th e o ry  of p a r a l le l i s m  w as based on the b e l ie f  
that at the v e r t ic a l  d im ens io n  of o c c lu s io n  w ith  n a tu ra l  
te e th ,  the occ lu sa l p la n e  of the m a x i l la r y  teeth  w as  
p a r a l le l  to the occ lu sa l p la n e  of the m a n d ib u la r  tee th . It 
does not fo l lo w ,  h o w e v e r ,  that a f t e r  rem oval o f  the teeth  
the re s id u a l  r id g e s  a r e  n e c e s s a r i ly  p a r a l l e l .  Most peo p le  
lose  teeth  at is o la te d  t im es  and th is  to g e th e r  w ith  
v a r ia t io n s  in the amount of bone r e s o r p t io n  may p ro d u c e  
an a lv e o la r  r id g e  w h ich  is  no lo n g e r  p a r a l l e l .  It  is a lso  
d i f f ic u l t  to app ly  the w o rd  • 'p a r a l l e l 11 to a p a i r  o f s u r fa c e s  
l ik e  the ja w s  w h ich  a r e  e s s e n t ia l ly  c u rv e d  o r  rounded .
T h is  tech n iq u e  and that ad vo ca ted  by M C K E V I T T  (1957 )  
can on ly  be d e s c r ib e d  as a rough  method of e s t im a t io n ,  
w h i ls t  m easu rem en t of the r e s t  v e r t ic a l  d im e n s io n ,  by 
v i r t u e  o f  the fa c t  that it  in v o lv e s  soft t is s u e  m e a s u re m e n t ,  
is a ls o  in a c c u ra te .  (M c M IL L A N  et a l .  1970)
3. 2. 2 F u n c t io n a l  M a n d ib u la r  M ovem ents
C o m p le te  d e n tu re s  a r e  d es ig n ed  not on ly  to r e p la c e  
lost teeth  and t is s u e s ,  but a ls o  to r e s t o r e  the fu nc tio n  
of the s to m ato gn ath ic  system . F u n c t io n a l  a c t io n s  such as  
s w a l lo w in g ,  m a s t ic a t io n ,  speech and b it in g  should  be  
p e r fo rm e d  w ith o u t d is c o m fo r t  o r  d is p la c e m e n t  of the d e n tu re s .  
It  is  an a w a re n e s s  of th is  that has led  some c l in ic ia n s  to 
in c lu d e  te s ts  o f fu n c tio n  when r e c o r d in g  v e r t ic a l  d im e n s io n ,  
and in some c a s e s  to u se  these  te s ts  to e s ta b l is h  the v e r t ic a l  
d im ens io n  o f o c c lu s io n  f o r  each p a t ie n t .
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N IS W O N G E R  (1934 )  o b s e rv e d  that in dentu lous  
p a t ie n ts  d u r in g  a sequence  of s w a l lo w in g  the m and ib le  
moved v e r t i c a l l y  u p w a rd  fro m  the " r e s t "  ja w  r e la t io n s h ip ,  
the m a n d ib u la r  tee th  co n tac ted  the m a x i l la r y  te e th ,  and the  
m andib le  r e t u r n e d  to the " r e s t "  p o s it io n .  A w a re n e s s  of  
th is  has en c o u ra g e d  many a u th o rs  ( H A R P E R  1 9 4 2 ,  
S H A N A H A N  1 9 5 5 ,  1 9 5 6 ,  M A L S O N  1 9 6 0 ,  V I E R H E L L E R  
1968) to use s w a l lo w in g  as a method of o b ta in in g  the v e r t ic a l  
dim ension  o f o c c lu s io n  f o r  p a t ie n ts .  T h e  tech n iq u e  w i l l  be  
fu l ly  d is c u s s e d  l a t e r  in the tex t  (C h a p te r  4 ).
T h e  method of o b ta in in g  v e r t ic a l  d im ension  by the  
action  of speech has been d e s c r ib e d  by S IL V E R M A N  
(1 9 5 3 ,  1956 ). A c c o rd in g  to the l a t t e r ,  a p p ro x im a te ly  44  
ph o n e tic  sounds e x is t  in the E n g l is h  la n g u a g e , and 
p ro n o u n c ia t io n  of these  r e q u i r e s  v a r io u s  le v e ls  of ja w  
s e p a ra t io n .  T h e  c lo s e s t  v e r t ic a l  level o f the m an d ib le  to 
the m a x i l la  o c c u rs  w ith  one o r  m o re  of the s ix  s ib i la n t  
sounds. P r a c t i c a l  u se  is  made o f th is  fa c t  by as k in g  
p a t ie n ts  to say w o rd s  l ik e  " M is s is s ip p i"  o r  " s ix t y - s i x "  
( M O R R IS O N  1959).  I f  the v e r t ic a l  d im ension  is e x c e s s iv e  
the tee th  o r  b lo cks  w i l l  co n tac t and the s u b je c ts  w i l l  be  
un ab le  to e n u n c ia te  the w o rd s .  I f ,  c o n v e r s e ly ,  the  
v e r t ic a l  d im en s ion  is  in s u f f ic ie n t  then an e x c e s s iv e  
sp eak in g  space  is seen. S I L V E R M A N  suggested  that  
when sa y in g  a s in g le  w o rd  some v o lu n ta r y  c o n tro l  o v e r
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the m and ib le  could be e x e r te d .  D u r in g  ra p id  s p e e c h ,  
h o w e v e r ,  he b e l ie v e d  that such co n tro l w as  lo s t ,  and  
a c c o rd in g ly  tes ted  the su ccess  of the tech n iq ue  by 
ask in g  the p a t ie n t  to r e a d  a loud r a p id ly  fro m  any  
con ven ien t p u b lic a t io n .
T h e s e  m ethods a id  the e s ta b l is h m e n t o f a v e r t ic a l  
dim ension  by u t i l is in g  the a c t io n  o f the m and ib le  and i ts  
a s s o c ia te d  m u s c u la tu re  d u r in g  speech .
T h e  b it in g  p o w e r  of a p a t ie n t  w as  c o n s id e re d  by 
B O O S  (1 9 4 0 )  to be a p o s s ib le  m ethod o f  d e te rm in in g  v e r t ic a l  
dim ension . T h e  leve l at w h ich  r e s is ta n c e  w as  met when the  
c o n tra c t io n  o f the m a s t ic a to ry  m u sc les  p ro v id e d  a b it in g  
f o r c e ,  w as d e te rm in e d  by the co n tac t  of the com plete  
d e n tu re s  at th e i r  v e r t ic a l  d im en s ion  o f  o c c lu s io n .  B O O S  
w as of the op in ion  that a c r i t i c a l  po in t e x is te d  in the d is ta n c e  
fro m  the o r ig in  of a m usc le  to i ts  in s e r t io n ,  at w h ich  it could  
e x e r t  i ts  g r e a te s t  f o r c e  of c o n tra c t io n .  I f  th is  d is ta n c e  
w e r e  sh o rte n e d  o r  len g then ed  then the m u sc le  w ou ld  lo se  
some of i ts  e f f ic ie n c y .  In the c o n s tru c t io n  of com ple te  
d e n tu re s  the maximum b it in g  f o r c e  w as  found to o c c u r  at the  
r e s t  v e r t ic a l  d im ension  in a h o r iz o n ta l  p o s it io n  p r o t r u s iv e  
to the re t r u d e d  con tac t p o s it io n  (B O O S  1956).  I f  th is  po in t  
w as r e c o r d e d  by b i t in g ,  then the r e s u l ta n t  v e r t ic a l  d im ension  
could be re d u c e d  by 1. 5 -  2. 25  mm to g iv e  the c o r r e c t  
v e r t ic a l  d im ension  of o c c lu s io n .
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Comment
I f  the th e o ry  beh ind  the p h ys io lo g y  of s w a l lo w in g  
is c o r r e c t ,  then it a p p e a rs  to o f f e r  a s im p le  method w h e re b y  
a p a t ie n t  can e s ta b l is h  h is  own v e r t ic a l  d im ension  of  
occ lu s io n .  E v a lu a t io n  of th is  te ch n iq u e  and its  ra t io n a le  
w il l  be fu l ly  d is c u s s e d  in C h a p te r  4.
T h e  u se  of p h o n e t ic  p r in c ip le s  as  an a id  to the  
d e te rm in a t io n  of the v e r t ic a l  d im ension  o f o c c lu s io n  is  
m entioned in many te x t -b o o k s  on p r o s th e t ic  d e n t is t r y .
It a p p e a rs  to be a tech n iq u e  used to lo c a te  e r r o r s  in a 
te n ta t iv e  v e r t ic a l  d im ension  of o c c lu s io n ,  r a t h e r  than to 
p ro v id e  a d e f in i te  re c o r d in g .
G E I S S L E R  (1 9 7 1 ) ,  h o w e v e r ,  has cast doubt on the  
con stancy  of the c lo s e s t  sp eak in g  space  and has noted  
v a r ia t io n s  o f 1. 5 mm in v e r t ic a l  m a n d ib u la r  movement in a 
s in g le  p a t ie n t  d u r in g  the 'S '  sound. E x c e s s iv e  em phasis  
th e r e fo r e  should not be p la c e d  on the so le  use of speech  
when e s ta b l is h in g  a v e r t ic a l  d im ens io n  of o c c lu s io n ,  
although it may be a usefu l a id .
R e c o rd in g  the v e r t ic a l  d im ension  o f o c c lu s io n  by 
b it in g  p o w e r  has been q uestioned  by B O U C H E R  et a l . (1959)  
who o b s e rv e d  that the v e r t ic a l  d im ension  ob ta in ed  by b it in g  
p o w e r  w as  g r e a t e r  than that d e te rm in e d  e i t h e r  c l in ic a l ly  o r  
el e c tro m y o g ra p h ic a l  ly .  K U R T H  (1959 )  a lso  noted that  
s e r io u s  e r r o r s  cou ld  o c c u r  b ecau se  d i f fe r e n c e s  betw een  
p r e s s u r e s  at v a r io u s  v e r t ic a l  d im en s io n s  w e r e  so minimal
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that a c c u ra te  m easu rem en t w as  d i f f ic u l t .  O 'R O U R K E  
(1949) po in ted  out that many fa c t o r s  w e r e  u n c o n t r o l la b le ,  
and that r e s u l ts  could be u n r e l ia b le .  T U E L L E R  (1969 )  
h o w e v e r ,  d em o n stra ted  a s im i la r i t y  b e tw een  a v e r t ic a l  
dim ension  of o c c lu s io n  e s ta b l is h e d  by b it in g  p o w e r  and 
those e s ta b l is h e d  by o th e r  m ethods. H e  d id  a d m it ,  h o w e v e r ,  
that h is  r e c o r d in g  a p p a ra tu s  had a d is t r a c t in g  in f lu e n c e  on 
the p a t ie n ts .
3. 2. 3 F a c ia l  A p p e a ra n c e
T h e  a p p e a ra n c e  of the fa c e  w ith  the r e c o r d  b lo c k s  
in p o s it io n  may g ive  a gu ide to the c o r r e c t  v e r t ic a l  d im ension  
of o cc lu s io n  ( S M IT H  1 9 5 8 ,  A N D E R S O N  and S T O R E R  1966).  
E x c e s s iv e  v e r t ic a l  d im ens io n  r e s u l ts  in a s t ra in e d  a p p e a ra n c e  
of the c i rc u m o ra l  t is s u e s ,  and may m ake l ip  contact d i f f ic u l t  
to a c h ie v e .  C o n v e r s e ly  a collapsed fa c ia l  co n to u r  com bined  
w ith  f o r w a r d  p o s tu r in g  of the m a n d ib le ,  o c c u rs  when the  
v e r t ic a l  d im en s ion  o f o c c lu s io n  is in s u f f ic ie n t  ( C H IC K  1949 ).  
Comment
F a c ia l  a p p e a ra n c e  is o ften  a successfu l gu ide  to 
v e r t ic a l  d im ension  (A N D E R S O N  and S T O R E R  1 9 6 6 ,
T U R R E L L  1968) but it is  dependent on the buccal and  
lab ia l  c o n to u r  o f the r e c o r d  b lo c k  and its  p e r ip h e r y .  It  
is v e r y  much a m a t te r  o f op in io n  o f the in d iv idu a l c l in ic ia n ,  
and is  an a r t i s t i c  r a t h e r  than s c ie n t i f ic  gu ide.
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3. 2. 4 C o m fo r t  and M em ory
L Y T L E  (1964 ) and T IM M E R  (1967 ) d e s c r ib e d  
s im i la r  tech n iq u es  w h ich  p e rm it te d  a p a t ie n t  to s e le c t  a 
v e r t ic a l  d im ension  o f o c c lu s io n  a c c o rd in g  to co m fo rt .  It 
was b e l ie v e d  that p a t ie n ts  could  re c o g n is e  a c o r r e c t  
v e r t ic a l  d im ension  of o cc lu s io n  i f  they had p r e v io u s ly  
been su b jec ted  to an in c o r r e c t  one. T h e  p a t ie n t  w as  
given e x p e r ie n c e  of both an in s u f f ic ie n t  and e x c e s s iv e  
v e r t ic a l  d im ension  of o c c lu s io n .  E x t r e m e  v a lu e s  w e r e  
u n a c c e p ta b le  but by gradua l v e r t ic a l  a l t e r a t io n s  the  
p a t ie n t  cou ld  d is t in g u is h  a p r e f e r e n t ia l  v e r t ic a l  d im ension  
of o cc lu s io n  u s in g  h is  own n e u ro m u s c u la r  p e rc e p t io n .
M I L L E R  (1966 ) c o n s id e re d  that p a t ie n ts  had the  
a b i l i t y  to lo c a te  t h e i r  own v e r t ic a l  d im ension  of o cc lu s io n  
by m em ory . H e  e n c o u ra g e d  p a t ie n ts  to b i te  into  an a i r  
f i l l e d  c u s h io n , and ex p e c te d  that th is  a c t io n  w ou ld  te rm in a te  
at the p re v io u s  v e r t ic a l  d im ens io n  of o c c lu s io n .
Comment
T h e  p ro b le m s  o f d is c o m fo r t  r e s u l t in g  fro m  an 
in c o r r e c t  v e r t ic a l  d im en s io n  o f  o c c lu s io n  h ave  a l r e a d y  been  
d iscu ssed . T h is  does not n e c e s s a r i ly  mean that when  
d is c o m fo r t  is  rem o ved  then the v e r t ic a l  d im en s ion  of o c c lu s io n  
is  c o r r e c t .  F u r t h e r m o r e ,  T IM M E R  has noted  that p a t ie n ts  
may be c o m fo r ta b le  o v e r  a ra n g e  of v e r t ic a l  d im en s ion  and  
has s t re s s e d  that th r e e  s e p a ra te  d e te rm in a t io n s  a r e  n e c e s s a r y ,  
the fina l v e r t ic a l  d im en s ion  of o c c lu s io n  be ing  the a v e ra g e
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r e c o rd in g .
T h e  r e l i a b i l i t y  of a p a t ie n t 's  m em ory of ja w  p o s it io n  
a p p e a rs  to be doubtful in the  l ig h t  o f f in d in g s  r e g a r d in g  
changes in r e s t in g  and o cc lusa l fa c e  he ig h t to w h ich  
r e fe r e n c e  has a l r e a d y  been made. T IM M E R  (1967 ) has  
also  d e m o n s tra te d  that p a t ie n ts  w e r e  un ab le  to re m e m b e r  
e i t h e r  th e i r  n a tu ra l  v e r t ic a l  d im ens io n  o f o c c lu s io n  o r  that 
of any p re v io u s  d e n tu re s .
3. 3 H o r iz o n ta l  Jaw  R e la t io n s h ip s
I f  an a d ju s ta b le  a r t i c u l a t o r  is  used then the  
h o r iz o n ta l  r e la t io n s h ip s  w hich  may be re c o r d e d  a r e  the  
re t ru d e d  co ntact p o s it io n  to g e th e r  w ith  la t e r a l  and 
p r o t r u s iv e  m a n d ib u la r  p o s it io n s .  I f  the a r t i c u la t o r  has an 
a v e ra g e  c o n d y la r  movement the r e t r u d e d  co n tact p o s it io n  is  
the o n ly  re la t io n s h ip  w h ich  need be r e c o r d e d .  T h e s e  r e c o r d s ,  
w hich  a r e  used to lo c a te  the c a s ts  in p o s it io n  on the  
a r t i c u l a t o r ,  may be m ade in v a r io u s  m a t e r ia ls ,  the most 
common be ing  w a x  o r  p la s t e r  of P a r i s .
A lthough  the r e t r u d e d  co n tac t  p o s it io n  is  r e p r o d u c ib le ,  
th is  is  not n e c e s s a r i ly  so f o r  e c c e n t r ic  m a n d ib u la r  p o s it io n s .  
Indeed C R A D D O C K  (1949 )  c o n s id e re d  the r e c o r d in g s  of these  
e c c e n t r ic  p o s it io n s  so u n r e l ia b le  as to be p r a c t i c a l l y  
w o r th le s s ,  and the id e a  o f r e ly in g  e n t i r e ly  on the s o -c a l le d  
C h r is te n s e n  phenomen ( C H R I S T E N S E N  1905) is  no lo n g e r  
acc e p te d  as  a c c u ra te .
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W a x  r e c o r d s  had been condemned e a r l i e r  as le a d in g  
to g re a t  e r r o r  (G Y S I  1929) and it w as  suggested  that  
p la s t e r  o f P a r i s  w ou ld  be a m o re  s u ita b le  r e c o r d in g  
medium. N e v e r t h e le s s  in t r a - o r a l  r e c o r d in g  techn iq ues  
a r e  w id e ly  ta u g h t ,  and m o re  re c e n t  w o rk  ( S K U R N IK  1 9 6 9 ,  
F R A Z I E R  et a l . 1971) in d ic a te s  that both w a x  and p la s t e r  
r e c o r d s  a r e  usefu l as a m eans of re c o r d in g  ja w  
r e la t io n s h ip s .
T h e  most im p o rtan t  h o r iz o n ta l  ja w  r e la t io n s h ip  is  
the r e t r u d e d  con tac t  p o s it io n  as it can be re p e a te d  
c o n s is te n t ly ,  and is  t h e r e fo r e  a constant anatom ical  
r e fe r e n c e  ( B O U C H E R  1 9 6 3 ,  R A M F J O R D  and A S H  1 9 7 1 ) ,  
and the most r e l i a b le  p o s it io n  used to r e la t e  the m and ib le  
to the m a x i l la  ( W IR T H  1971 ) .  T h e  d i f fe r e n c e  b e tw een  the  
r e t ru d e d  co n tac t p o s it io n  and the in te rc u s p a l  p o s it io n  has  
been d is c u s s e d  (C h a p te r  2).  S IL V E R M A N  (1957 ) has  
po in ted  out that the d is h a rm o n y  b e tw een  the two p o s it io n s  
is  not as g re a t  as some c l in ic ia n s  b e l ie v e ,  and that the  
in te rc u s p a l  p o s it io n  and the r e t r u d e d  co n tac t p o s it io n  
should in fa c t  c o in c id e  -  that is  that they a r e  one and the  
same p o s it io n .  T h is  is  a c h ie v e d  in the ed en tu lou s  p a t ie n t  
by re c o r d in g  the re t r u d e d  co n tac t  p o s i t io n ,  m ounting  cas ts  
on the a r t i c u la t o r  in that p o s i t io n ,  and then s e t t in g  the  
teeth  to p r o v id e  maximum in te rc u s p a t io n .
T h e  r e t r u d e d  co n tac t p o s it io n  can be e s ta b l is h e d  
a c c u r a t e ly  ( I N G E R V A L L  1964) and it fo l lo w s  that tech n iq ues
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to r e c o r d  the p o s it io n  lay em phasis  on the re s u l ta n t  
a c c u ra c y .  T h e  methods of r e c o r d in g  th is  p o s it io n  in 
edentu lous  p a t ie n ts  may be d e s c r ib e d  as e i th e r  func tio na l  
o r  n o n - fu n c t io n a l .  R e g a rd le s s  of the method u s e d ,  h o w e v e r ,  
it is ess e n t ia l  that the bases  of the r e c o r d  b lo cks  a r e  w e ll  
f i t t in g  w ith  optimum t is s u e  c o v e ra g e  to a id  re te n t io n  and 
s ta b i l i ty  (W R IG H T  1 9 3 9 ,  K A P U R  and Y U R K S T A S  1957).
3. 3. 1 F u n c t io n a l  R e c o rd in g s
F u n c t io n a l  r e c o r d s  o f h o r iz o n ta l  ja w  re la t io n s h ip s  
may be p ro d u c e d  by m a n d ib u la r  m ovem ents a s s o c ia te d  
w ith  s p e c i f ic  a c t io n s  such as b i t in g ,  ch ew ing  and s w a llo w in g .
It w as  d e m o n s tra te d  by K U R T H  (19 4 2 )  that the c lo s in g  
ja w  movement in m a s t ic a t io n  w as  a r e t r u s iv e  one. T h is ,  
to g e th e r  w ith  the o b s e rv a t io n  of L A M M IE  and O S B O R N E  
(1954) led S IL V E R M A N  (1957 )  to ad v o c a te  that the re t r u d e d  
contact p o s it io n  could  be o b ta in ed  by a l lo w in g  a p a t ie n t  to 
c lo se  w ith  maximum p o w e r ,  w h ich  would  a l lo w  the f o rc e s  of  
the c lo s in g  m u s c u la tu re  to p la c e  the m an d ib le  in the most 
r e t ru d e d  p o s it io n .  E a r l i e r  w o rk  by B O O S  (1 9 4 0 ,  1943)  
had suggested  that in the m a jo r i ty  of p e o p le  the m and ib le  
should e x e r t  maximum p o w e r  at o r  c lo s e  to the r e t r u d e d  
contact p o s it io n .  R e c o rd  b lo c k s  can then be s e a le d  in th is  
p o s it io n  w ith  w a x  o r  p la s t e r  of P a r i s .
C h e w in g  m ovem ents may be r e c o r d e d  by t r a c in g  d e v ic e s  
w hich  m ake use  of the la t e r a l  m a n d ib u la r  m ovem ents w h ich  
o c c u r  d u r in g  ch ew in g  ( B A L K W I L L  1 8 6 6 ,  G Y S I  1 9 1 0 ,
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S T A N S B E R Y  1 9 2 9 ,  M A T T H E W S  1944 ).  T h e  r e s u l ta n t  
t r a c in g  is r e f e r r e d  to as an a r ro w h e a d  o r  G o th ic  a rc h  
t r a c in g  b ecause  of its  s im i l a r l i t y  in shape to these  
s t r u c tu r e s .  When m aking  such a r e c o r d  the o cc lu sa l  
r im s  should be ad ju s te d  to the p o s it io n  c o n s id e re d  to 
be the c o r r e c t  v e r t ic a l  d im ension  o f o c c lu s io n  f o r  the  
in d iv id u a l .  A  s ty lu s  is  mounted on e i t h e r  b lo c k ,  and a 
tab le  coated  w ith  c a rb o n  on the o pp os ite  b lo ck . A s  the  
p a t ie n t  m oves h is  m and ib le  into le f t  and r ig h t  la te r a l  
e x c u rs io n s  a l in e  t r a c in g  is p ro d u c e d  on the c a rb o n  ta b le  
fo r  each e x c u rs io n .  T h e  point o f in te r s e c t io n  (the apex  
point) o f these  t ra c in g s  should  c o in c id e  w ith  the re t r u d e d  
p o s it io n  o f  both co n d y les . T h e  b lo c k s  may be lo c a te d  at 
th is  p o s it io n  by d r i l l i n g  a small ho le  w ith  w h ich  the s ty lu s  
can engage. In o r d e r  to m in im ise  unequal p r e s s u r e s  o r  
d isp lacem e n t of the b lo c k s  d u r in g  t r a c in g  a c e n tra l  b e a r in g  
d e v ic e  may be in c lu d ed .
A  v a r ie t y  of in s tru m e n ts  h ave  been d e v is e d  to d e te rm in e  
the r e t r u d e d  co n tact p o s it io n  in th is  m an n er  (B O U C H E R  
1 9 7 0 ) ,  but each is based  on the same fundam ental p r in c ip le .
D u r in g  the p ro c e s s  of s w a l lo w in g  in d en tu lo u s  p a t ie n ts  
N IS W O N G E R  (1934 )  o b s e rv e d  that the m a x i l l a r y  and  
m a n d ib u la r  tee th  co n tac ted  in the r e t r u d e d  con tac t p o s it io n .  
T h e  a p p l ic a t io n  o f  s w a l lo w in g  a c t io n  to d e te rm in e  the  
r e t r u d e d  co n tac t p o s it io n  w i l l  be d is c u s s e d  in the fo l lo w in g  
c h a p te r .
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Comment
Doubt has been cas t on the method o f re c o r d in g  
the re t r u d e d  contact p o s it io n  by the e x e r t io n  o f maximum  
b it in g  p o w e r .  B O O S (1 9 5 6 )  found that a lthough  he w as  
ab le  to d e m o n s tra te  65%  of p a t ie n ts  who r e g is t e r e d  a 
maximum p o w e r  po in t c lo s e  to the ap ex  of an a r r o w h e a d  
t r a c in g ,  the r e m a in d e r  (3 5 % ) r e g is t e r e d  a maximum p o w e r  
point w h ich  showed la te r a l  o r  p r o t r u s iv e  d e v ia t io n s  o f  up 
to 7 mm fro m  the ap ex  po in t .  S I L V E R M A N  (1957 ) showed  
s im i la r  d is c r e p a n c ie s  a lthough  o f a l e s s e r  m agnitude  
(3 mm), and a ls o  noted that some ed en tu lo us  p a t ie n ts  w e r e  
ab le  to e x e r t  th e i r  maximum b it in g  p o w e r  in v a r io u s  
p o s it io n s .  T h e s e  d is c re p a n c ie s  in d ic a te  a c o n s id e ra b le  
lack  o f the p r e c is io n  w h ich  is r e q u i r e d  when r e c o r d in g  
the r e t r u d e d  con tac t p o s i t io n ,  and the method w ould  a p p e a r  
to be u n re l iabl e.
T h e  s u c c e s s  o f ch ew ing  tech n iq u es  is  dependent  
upon the p a t ie n t  and h is  c o -o p e r a t io n .  I f  the p a t ie n t  is  
p e rm it te d  to make u n c o n tro l le d  m ovem ents of the m an d ib le  
w h ile  the b lo c k s  a r e  in p o s i t io n ,  in a c c u r a c ie s  m ight be  
expected  due to p o s s ib le  d is p la c e m e n t of the r e c o r d  b lo c k s  
(S M IT H  1941 ).  T h e  b e l ie f  that the ap ex  o f  the a r ro w h e a d  
t r a c in g  c o r re s p o n d s  to the r e t r u d e d  con tac t p o s it io n  has  
also  been q u estion ed . In a study of 5 ed en tu lo u s  s u b je c ts  
P A Y N E  (19 6 9 )  d e m o n s tra te d  that a lthough  the a p e x  po in t  
w as  c o n s ta n t ly  r e p r o d u c ib le ,  it d id  not in d ic a te  the most
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re t ru d e d  con tact pos it  ion of the m and ib le .  In each  case  
the m and ib le  could  be moved d is ta l  I y 0. 2 mm f ro m  the  
apex po in t w h ich  he c o n s id e re d  m o re  l ik e ly  to r e p r e s e n t  
the in te rc u s p a l p o s it io n .  A ltho ug h  c o n s id e re d  ideal by 
many c l in ic ia n s  ( M O Y L A N ,  1953) the r e l i a b i l i t y  of th is  
method must be qu estio ned .
3. 3. 2 N o n - fu n c t io n a l  R e c o rd in g s
In a n o n -fu n c t io n a l  r e c o r d in g ,  r e c o r d  b lo cks  a r e  
p laced  in the m outh , the m an d ib le  is  r e t r a c t e d  to the  
re t ru d e d  c o n tac t  p o s i t io n ,  and the b lo c k s  a r e  un ited  
i n t r a - o r a l l y  to p ro v id e  a r e c o r d  of the  ja w  re la t io n s h ip .  
D i f f ic u l t y  is  som etim es e x p e r ie n c e d  h o w e v e r  in the  
r e t r a c t io n  o f the m and ib le  to the re t r u d e d  con tac t p o s it io n .  
T h is  has been suggested  by B O U C H E R  (1970 ) as b e ing  due  
to a la c k  of s y n c h ro n is a t io n  b e tw een  the m u sc les  of  
p r o t r u s io n  and r e t r u s io n ,  and the d i f f ic u l ty  in c re a s e s  
as  a p a t ie n t  c o n t in u a l ly  lo s e s  m o re  tee th  b e fo re  e v e n tu a l ly  
becom ing ed en tu lo u s . A c c o r d in g ly ,  m o re  than one  
techn iq ue  is  used to a s s is t  the p a t ie n t  to r e t r u d e  the  
m and ib le . P r o t r u s i v e  and r e t r u s iv e  m a n d ib u la r  e x e r c is e s  
may r e s u l t  in the r e t r u d e d  p o s it io n  b e in g  e v e n tu a l ly  
a t ta in e d  by v i r t u e  of the fa c t  that the m u sc les  of m a s t ic a t io n  , 
p a r t i c u l a r l y  the la t e r a l  p te ry g o id  m u s c le ,  becom e fa t ig u e d .
I f  th is  is  unsu ccessfu l , then r e p e a te d  tap p in g  to g e th e r  o f the  
o c c lu s a l  r im s  may cause  the  c e n t r e  o f  m u sc le  pull to r e t u r n  
the m an d ib le  to the r e t r u d e d  con tac t p o s it io n .  F u r t h e r
-  34 -
m u s c u la r  a s s is ta n c e  in c lu d e s  p la c in g  the tip  o f the tongue  
at the p o s t e r io r  b o r d e r  o f the u p p e r  base b e fo re  c lo s in g ,  
o r  t i l t in g  the head b a c k w a rd s .  T h e  f o r m e r  tends to r e t r u d e  
the m and ib le  by a s im p le  p u l l in g  ac tion  of the g e n io -g lo s s u s  
m u s c le ,  and the la t t e r  p ro d u c e s  tens ion  on the s u b m an d ib u la r  
m uscles  which  tend to pull the m and ib le  to a r e t r u d e d  p o s it io n .
W h e th e r  o r  not the m an d ib le  is c o r r e c t ly  r e t r u d e d  may 
be checked  by p a lp a t io n  of the tem p ora l m u sc les  w h ich  do 
not fu n ctio n  in a p r o t r u s iv e  p o s it io n .  T h is  is  p u r e ly  a 
c l in ic a l  guide and w i l l  in d ic a te  a p o s it io n  w h ich  is  
approx im ate !  y the re t r u d e d  con tac t p o s it io n .
O nce  the c l in ic ia n  is s a t is f ie d  that the m an d ib le  can be  
r e t r u d e d ,  the  d e s i r e d  p o s it io n  is  r e c o r d e d  i n t r a - o r a l l y  w ith  
re c o r d  b lo c k s .  T h e  r im s  a r e  c a r v e d  until an even  
in te ro c c lu s a l  co n tact is  o b ta in ed  at the c o r r e c t  v e r t ic a l  
d im e n s io n ,  a f t e r  w h ich  they may be s e a le d  to g e th e r  us ing  
w ax  o r  p la s t e r  o f  P a r i s .  C o n f l ic t in g  op in ion  e x is ts  as to 
w h e th e r  b lo cks  should  co n tac t w ith  m inimal p r e s s u r e  
(W R IG H T  1 9 3 9 ,  J A R V I S  1 9 6 3 ,  B O U C H E R  1970) o r  w ith  a 
functiona l load such as might be r e c o r d e d  in a "c lo s e d  
mouth" im p re s s io n  tech n iq u e  ( S C H L O S S E R  1931 , W A T T  
1952). E x c e s s  p r e s s u r e  may cause  unequal t is s u e  
d isp lacem e n t and e r r o r  r e s u l t in g  fro m  the r e s i l i e n t  e f fe c t  
of the c o m p resse d  t is s u e  ( H A N A U  1923 ). I f  so ftened  w ax  
is  used when s e a l in g  the b lo c k s ,  the f o r c e  r e q u i r e d  to 
d e fo rm  it may cause  t ipp ing  (B O O S  1 9 5 6 ) ,  o r  p r e s s u r e
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which  w i l l  cause a c t iv i ty  in the m u sc les  of m a s t ic a t io n  
( S H P U N T O F F  and S H P U N T O F F  1956 ). P l a s t e r  w i l l  
re d u c e  such p ro b le m s  i f  used b e fo re  in i t ia l  s e t t in g  takes  
p la c e .  W h e th e r  w a x  o r  p la s t e r  is  u s e d , the m an d ib le  and 
r e c o r d  b lo c k s  must be m a in ta in e d  in p o s it io n  by the 
c l in ic ia n  until  the m a te r ia l  has f in a l ly  h a rd e n e d .
Comment
T h e  v a r ie t y  of m ethods suggested  to o b ta in  and r e c o r d  
the r e t r u d e d  contact p o s it io n  by n o n -fu n c t io n a l  means  
m e re ly  s e rv e s  to e m p h as ise  the d i f f ic u l ty  and la c k  of  
c e r ta in ty  of o b ta in in g  an a c c u r a te  r e c o r d in g  by any one  
method. E s ta b l is h m e n t  of the r e t r u d e d  co n tact p o s it io n  
by the c a r v in g  o f o cc lu sa l r im s  may lead  to e r r o r ,  as  
in te r c e p t iv e  co n tac ts  a r e  d i f f ic u l t  to d e te c t ,  and s l ip p in g  
betw een  the o cc lusa l p la n e s  may o c c u r  ( K U R T H  1 9 5 9 ,  
J A R V I S  1963 ).  S o f te n e d  w a x  r im s  can a lso  be condemned  
due to the p o s s ib i l i t y  of uneven s o f te n in g ,  d i f fe r e n t ia l  r a te s  
of c o o l in g ,  and v i s c o - e la s t i c  p r o p e r t ie s  of w ax .
S IM P S O N  (1939 ) has condemned n o n -fu n c t io n a l  methods  
as u n s c ie n t i f ic  and su b je c t  to g u e s s w o rk .  In a d d i t io n ,  the  
fac t  that the o p e r a t o r  i s ,  to a c e r ta in  e x ten t dependent upon  
the p a t ie n t 's  u n d e rs ta n d in g  o f w hat is  r e q u i r e d  m akes these  
methods u n r e l ia b le .
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S W A L L O W IN G  A N D  J A W  R E L A T I O N S H I P S
4. 1 In tro d u c t io n
S w a l lo w in g  is a p h y s io lo g ic a l  a c t io n  w h ich  is  
e s ta b l is h e d  in u te ro  by the a c t io n  of the fo e tu s  in d r in k in g  
am n io tic  f lu id  ( K E E L E  and N E I L  1971 ) .  In man it is  
p e r fo rm e d  in te r m i t te n t ly  th roughout the t w e n ty - fo u r  h o u rs  
of the day and n ig h t ,  and the n um ber of s w a l lo w s  p e r  24  
h o u rs  has been quoted f ro m  600 ( F L A N A G A N  1963) to 
1 ,2 0 0  ( K V D D  and N E F F  1964 ). T h e  r a t e  is g r e a t ly  
d e c re a s e d  d u r in g  s leep  ( F L A N A G A N  196 3 ) .  A lthough  a 
com plex ac t io n  r e q u i r in g  c o -o r d in a t io n  of a c t iv i ty  of a 
num ber of r e f l e x  a r c s  ( S C O T T  and D IX O N  1 9 7 2 ) ,  it 
r e q u i r e s  no le a rn in g  and can be p e r fo rm e d  by p a t ie n ts  
s u f fe r in g  f ro m  p a th o lo g ic a l c o n d it io n s  and deve lopm enta l  
ano m alies  ( S Y R O P  1953) p ro v id e d  that the p a th w ay  f o r  
p assage  o f food and l iq u id s  is  not b lo cked . O nce  s w a l lo w in g  
com m ences , it is  not r e a d i ly  suspended by any v o lu n ta ry  
a c tio n  ( S C O T T  and D IX O N  1972) and o f the v a r io u s  fu n c t io n s  
a s s o c ia te d  w ith  m a s t ic a t io n  it is le a s t  e a s i ly  d is tu rb e d  
( S IL V E R M A N  1961).
It  is  d iv id e d  in to  th r e e  s e p a r a te  s tag es  : o ra l  
p h a r y n g e a l ,  and oesophageal ( J O F F E  1961 , J E N K I N S  1 9 6 6 ,  
P O S S E L T  1968 ).  T h e  p re s e n t  study is  a p p l ie d  to the  
o ra l  d iv is io n .  In o r d e r  to a p p r e c ia te  the a s s o c a t io n  be tw een  
s w a l lo w in g  and ja w  r e la t io n s h ip s ,  the m a n d ib u la r  p o s it io n s  in 
d en tu lo u s  p e rs o n s  b e fo re  and a f t e r  s w a l lo w in g  must be
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co n s id e re d .  Im m ed ia te ly  p r i o r  to s w a l lo w in g  the  
m andib le  is  n o rm a l ly  at the re s t  v e r t ic a l  d im ension  w ith  
the o cc lu sa l s u r fa c e s  of the m a x i l la r y  and m a n d ib u la r  
teeth  s e p a ra te d  by the ex ten t of the in te ro c c lu s a l  c le a ra n c e .
A s a p a t ie n t  s w a l lo w s ,  c o n tra c t io n  of the e le v a t in g  m uscles  
o c c u r s ,  and the m an d ib le  m oves to w a rd s  the m a x i l la  
assum ing a new te m p o ra ry  r e la t io n s h ip  to i t .  T h is  r e la t io n s h ip  
is thought to be at the o cc lu s io n  of the m a x i l la r y  and m a n d ib u la r  
teeth  ( G I L L I S  1941 , R U S H M E R  and H E N D R O N  1951 , P O S S E L T  
1968).
F o r  c o r r e c t  fu n c tio n  it is  p r e f e r a b le  that d e n tu re s  a r e  
co n s tru c te d  to co n fo rm  to the o ra l  p h y s io lo g ic a l  p a t te rn  of 
the p a t ie n t ,  and th is  should in c lu d e  a ja w  r e la t io n s h ip  w h ich  
w il l  p e rm it  s w a l lo w in g  w ith o u t e x c e s s  lo ad in g  o f s u p p o rt in g  
t is s u e s  o r  s t r a in  on the o ra l  m u s c u la tu re .  S H A N A H A N  
(1 9 5 5 ,  1956) has suggested  that in the p ro c e s s  o f s w a l lo w in g  
s a l iv a ,  the m an d ib le  le a v e s  its  r e s t  r e la t io n s h ip  and r i s e s  to 
the n a tu ra l  v e r t ic a l  d im en s ion  of o c c lu s io n  and is a ls o  p u l le d  
b a c k w a rd s  to i ts  r e t r u d e d  con tac t p o s it io n .  H e  suggested  that  
th e re  e x is ts  the p r a c t ic a l  a p p l ic a t io n  o f u s in g  s w a l lo w in g  as a 
means of d e te rm in in g  the ja w  re la t io n s h ip  in eden tu lou s  
p a t ie n ts .  F u r t h e r m o r e ,  i f  the ja w  re la t io n s h ip s  o f a p a t ie n t  
could be p r e c is e ly  d e te rm in e d  d u r in g  the ac t  of s w a l lo w in g ,  
these w ould  be the most a c c e p ta b le  ja w  r e la t io n s h ip s  f o r  the  
c o n s tru c t io n  o f co m p le te  d e n tu re s .
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4. 2 O c c lu s a l  T o o th  C o ntac t
T h e r e  is  doubt as to w h e th e r  o r  not occ lu sa l tooth  
contact o c c u rs  d u r in g  s w a l lo w in g .  T h e  p o s it io n  o f co ntact  
has a ls o  g iven  r i s e  to d is c u s s io n  and has been d e s c r ib e d  
v a r io u s ly  as the r e t r u d e d  co n tac t  p o s i t io n ,  the in te rc u s p a l  
p o s i t io n ,  and a p o s it io n  s o m e w h e re  b e tw een  the r e t r u d e d  
contact and in te rc u s p a l  p o s it io n s  ( G R A F  and Z A N D E R  
1 9 6 3 ,  R A M F J O R D  and A S H  1971). J A N K E L S O N  (1953 )  
sta ted  that "o n ly  d u r in g  d e g lu t i t io n  does tooth con tac t o c c u r  
as a func tio na l a c t" .  R U S H M E R  and H E N D R O N  (1 9 5 1 )  and  
W A R D  and O S T E R H O L T Z  (1963 )  s ta ted  th a t ,  in p r e p a r a t io n  
o f p ro p u ls io n  of food o r  f lu id s  in to  the p h a r y n x ,  the m and ib le  
in d en ta te  p a t ie n ts  is  s ta b i l is e d  in an occ lu d ed  p o s it io n .  
P A M E IJ E R  et al. (19 6 8 )  c o n s id e re d  that in "m ost in s ta n c e s "  
teeth  co n tac ted  w h i le  s w a l lo w in g ,  w h i ls t  A R D R A N  and  
K E M P  (1955 ) found that in "m any in s ta n c e s "  tee th  w e r e  not 
brought in to  co n ta c t .  O th e r  s tu d ie s  ( C L E A L L  1 9 6 5 ,  M 0 L L E R  
1 9 6 6 ,  I N G E R V A L L  et a l .  1971) have shown a high in c id e n c e  
of o cc lu sa l tooth con tac t d u r in g  s w a l lo w in g  but have  noted that  
it is not in v a r ia b ly  p re s e n t .
E a r l i e r ,  R IX  (1 9 4 6 )  had d e s c r ib e d  the o ra l  p h y s io lo g y  
of thte b a s ic  o r  r e f r e s h in g  s w a l lo w  w h ich  w as  m e r e ly  the  
s w a llo w in g  o f s a l iv a  in the m outh , but n o te d ,  h o w e v e r ,  that  
th is  cou ld  be m o d if ied  when e a t in g  o r  d r in k in g .  H e  s ta ted  
that d u r in g  a b a s ic  s w a l lo w  w ith  a co m p le te  n a tu ra l
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d e n t i t io n ,  the m a n d ib u la r  teeth  w e r e  broug ht into  
occ lusa l con tact w ith  the m a x i l la r y  tee th . Som e c h i ld re n  
h o w e v e r  e x h ib ite d  an " a ty p ic a l"  s w a l lo w ,  w h e re  the  
m a n d ib u la r  and m a x i l la r y  teeth  n e v e r  con tac ted  and e x tre m e  
d i f f ic u l ty  w a s  e x p e r ie n c e d  if  an attem pt is  made by these  
c h i ld r e n  to a c h ie v e  co n tac t.  In a group of 93 c h i ld re n  
he found that on ly  61 (65 . 6% ) s w a llo w e d  w ith  th e i r  teeth  
in o c c lu s io n ,  the re m a in d e r  e x h ib i t in g  v a r y in g  p a t te rn s  
of tooth c o n ta c t ,  o r  no tooth con tact at a l l .  M o re  re c e n t ly  
R A M F J O R D  and A S H  (1971 ) h ave  s ta ted  that d u r in g  
s w a llo w in g  the tee th  a r e  p re s s e d  to g e th e r  a f t e r  the  
m andib le  has been s ta b i l is e d  in a p o s t e r io r  p o s it io n .
T h e  contact is  not a lw a y s  in the r e t r u d e d  con tact p o s it io n  
but may be s o m ew h ere  b e tw een  it and the in te rc u s p a l  
p o s it io n .  I f  cuspal in t e r fe r e n c e  o c c u rs  at the r e t ru d e d  
contact p o s it io n  then a second s w a l lo w  in the in te rc u s p a l  
p o s it io n  w i l l  o ften  fo l lo w  im m e d ia te ly .  G R A F  and Z A N D E R  
(1963) showed con tac t  in both p o s it io n s  in 4 out of 5 s u b je c ts ,  
but noted that the longest co n tac ts  w e r e  seen  in the i n t e r ­
cuspal p o s it io n .  C o n ta c t  w as  found to o c c u r  m o re  commonly  
in the in te rc u s p a l  p o s it io n  than in re t r u d e d  co n tac t p o s it io n  
by P A M E IJ E R  et a l .  (1 9 7 0 ) .  C o n tac t  d u r in g  s w a l lo w in g  
w as not p re s e n t  in a l l  c a s e s ,  R A M F J O R D  and A S H  (1971 )  
in p a r t i c u l a r ,  s ta t in g  that d r in k in g  o f l iq u id s  is  o ften  done  
w ith  the tee th  a p a r t ,  the ja w s  b e in g  s ta b i l is e d  by the tongue  
o r  I ips.
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4. 2. 1 Comment
O c c lu s a l tooth con tac ts  d u r in g  s w a l lo w in g
D ue to the sm all n um ber o f p a t ie n ts  s tud ied  by G R A F  
and Z A N D E R  o r  P A M E I J E R  et a l . ,  it is  d i f f ic u l t  to d ra w  
d e f in i te  c o n c lu s io n s . F r o m  the s u rv e y  of R I X ,  h o w e v e r ,  
it might be exp ected  that i f  adu lt  s w a l lo w in g  fo l lo w e d  the  
same p a t te rn  as the s w a l lo w in g  o f c h i ld r e n ,  then n a tu ra l  
occ lu sa l contact d u r in g  s w a l lo w in g  w ould  o c c u r  in 65. 5%  
of p e rs o n s .  T h e  r e l i a b i l i t y  of the f ig u r e s  in the s u rv e y  
a r e ,  h o w e v e r ,  open to q u es t io n . R e s u l ts  a r e  p re s e n te d  
p u re ly  f ro m  c l in ic a l  in s p e c t io n  w h ich  must be e x t re m e ly  
d i f f ic u l t  due to the p o s s ib i l i t y  of the v ie w  of the teeth  
being  in te r r u p te d  by m ovem ents of the l ip s  and tongue. T h e  
lack  o f any m e a s u r in g  d e v ic e s  o r  doub le  d e te rm in a t io n  
tech n iqu es  of a s s e s s m e n t ,  a ls o  in c re a s e s  the p o s s ib i l i t y  of  
o b s e r v e r  e r r o r .
4 . 3 T h e  V e r t i c a l  D im e n s io n  o f O c c lu s io n
S H A N A H A N  (1955 )  s ta ted  that " th e  con stan t fu n c tio n  o f  
s w a l lo w in g  s a l iv a  is the b a s is  f o r  e s ta b l is h in g  the m a n d ib u la r  
p o s it io n s  and o c c lu s io n " .  S w a l lo w in g  is commonly used to 
e s ta b l is h  the r e s t  ja w  re la t io n s h ip  by the m a n d ib u la r  
re la x a t io n  w h ich  fo l lo w s  a s w a l lo w  ( N IS W O N G E R ,  1 9 3 4 ,  
T A L L G R E N  1 9 5 7 ,  F E N N  et a l .  1 9 6 1 ) ,  but S H A N A H A N  
w as m aking  use of th is  fu n c t io n  to d e te rm in e  the  
m a n d ib u la r  p o s it io n  o f  o c c lu s io n  ( the  v e r t ic a l  d im en s ion  
o f  o c c lu s io n ) .  T h is  w as  based on the b e l ie f  that in the
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dentu lous p a t ie n t ,  l ig h t  occ lusa l contact o c c u r r e d  d u r in g  
s w a llo w in g  and that th is  s itu a t io n  should be re p ro d u c e d  
in com ple te  d e n tu re s .  T h e  th e o ry  that the v e r t ic a l  
dim ension  d u r in g  s w a l lo w in g  should be equal to the  
v e r t ic a l  d im ension  o f o c c lu s io n  w as  t h e r e f o r e  be ing  
assumed.
T h e  method em ployed by S H A N A H A N  in vo lved  the  
d e te rm in a t io n  of a te n ta t iv e  v e r t ic a l  d im ension  of o c c lu s io n  
w ith  w a x  r im s  by any te ch n iq u e  o th e r  than s w a l lo w in g .  C a s ts  
and r im s  w e r e  mounted to th is  r e g is t r a t io n  on an a r t i c u la t o r .  
T h e  lo w e r  o cc lusa l r im  w as  re d u c e d  by 3 mm and a cone of  
soft w ax  p la c e d  on its  o cc lu sa l s u r fa c e  in the m id l in e .  A f t e r  
p la c in g  the r im s  in the  m outh , the p a t ie n t  w as  re q u e s te d  to 
sw a llo w  s e v e ra l  t im es . By th is  m ean s , the h e ig h t of the cone  
of w ax  w as  re d u c e d  until it co n tac ted  the u p p er  r im  at the  
n a tu ra l  and p h y s io lo g ic a l  v e r t ic a l  d im ension  of o cc lu s io n .
T h e  a c c u ra c y  of the s w a l lo w in g  tech n iq u e  w as  
in v e s t ig a te d  by IS M A IL  and G E O R G E  (1968 )  u s in g  a s im i la r  
techn ique . A f t e r  r e c o r d in g  the v e r t ic a l  d im ension  by 
s w a l lo w in g ,  tee th  w e r e  set on an a r t i c u la t o r  and t r i e d  in 
the mouth. W a x  w as  d ro p p ed  on to the lo w e r  p r e m o la r s  and  
the s u b jec t  w as  asked  to s w a l lo w  h is  s a l iv a  " c a s u a l ly " .  If  
c o n s id e ra b le  tooth s t r u c t u r e  w e r e  e x p o s e d , it in d ic a te d  that  
the v e r t ic a l  d im ens io n  w as  e x c e s s iv e .  I f  a c o n s id e ra b le  
amount o f w a x  re m a in e d  o v e r  the te e th ,  it in d ic a te d  that the  
v e r t ic a l  d im ension  w as  in s u f f ic ie n t .  I f  a th in  f i lm  of w a x
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re m a in e d  o v e r  the tee th  it  w as  accep ted  as  c o r r e c t .
U s in g  th ese  r a t h e r  h a p h a z a rd  methods they found that  
none of the d e n tu re s  c o n s tru c te d  r e q u i r e d  any a l t e r a t io n  
in the v e r t ic a l  d im ension  o f o c c lu s io n ,  and they c o n s id e re d  
the tech n iq u e  to be r e l i a b le  in e s ta b l is h in g  the v e r t ic a l  
dim ension  of o cc lu s io n  f o r  the eden tu lou s  p a t ie n t .
V I E R H E L L E R  (1968 ) a lso  r e p o r te d  on s w a l lo w in g  as  
a functiona l method of e s ta b l is h in g  the v e r t ic a l  d im ension  
of o c c lu s io n .  I f  tooth co n tact o c c u r r e d  on ly  d u r in g  the  
act of s w a l lo w in g  then th is  func tio na l p o s it io n  of the  
m andib le  w h ich  w as  o b ta in ed  must be the v e r t ic a l  
dim ension  of o c c lu s io n .  T h e  tech n iq u e  em ployed d i f fe r e d  
s l ig h t ly  f ro m  those a l r e a d y  d e s c r ib e d .  T h e  m a n d ib u la r  
o cc lusa l p la n e  w as f i r s t  d e te rm in e d  as ex te n d in g  f ro m  the  
lo w e r  l ip  l in e  to the c e n t r e  of the r e t r o m o la r  pad. N o tc h e s  
w e r e  cut in the s u r fa c e  o f the m a n d ib u la r  o cc lu sa l r im  in the  
p r e m o la r  and m o la r  re g io n .  C ones  of b e e s w a x  w e r e  
softened and se a le d  on a m a x i l la r y  r e c o r d  base  w ith o u t an 
occ lusa l r im .  T h e  m a x i l l a r y  base  w as  in s e r te d ,  w a te r  w as  
in je c te d  into the mouth and the s u b jec t  s w a llo w e d . T h is  w as  
re p e a te d  two o r  th r e e  t im e s ,  a f t e r  w h ich  the r e g is t r a t io n  
bases  w e r e  rem o ved  f ro m  the mouth and the b e e s w a x  w as  
h a rd e n e d  in co ld  w a t e r .  T h e  r e c o r d  b ases  w e r e  then  
re p la c e d  and the mouth w a s  c lo sed . I f  even  co n tac t w as  
o b ta in ed  and the b e e s w a x  p r o je c t io n s  on the u p p e r  b ase  
f i t te d  a c c u r a te ly  into the n o tch es  on the lo w e r  o cc lu s a l  r im
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then it w as  b e l ie v e d  that a fu n c t io n a l ly  a c c u r a te  v e r t ic a l  
re la t io n s h ip  had been ach ie v e d .
4. 3. 1 Comment
T h e  w o rk  r e f e r r e d  to is  based on the b e l ie f  that  
s w a llo w in g  is accom pan ied  by o cc lu sa l tooth c o n ta c t ,  and  
that th is  s itu a t io n  should  be re p ro d u c e d  in the c o n s tru c t io n  
of a p ro s th e s is .  P ro b le m s  may a r i s e  h o w e v e r  when  
u t i l is in g  th is  ac t io n  to a c h ie v e  c o r r e c t  o cc lu sa l v e r t ic a l  
dim ension . M A L S O N  (1 9 6 0 ) ,  p o in ted  out some fa c to r s  
which w i l l  in h ib it  norm al s w a l lo w in g ,  such as  loss  o f the  
up p er  d e n t i t io n  o r  p r e m a tu r e  con tac t o f  o cc lu sa l r im s .  
S H A N A H A N  (1956 ) cas t some doubt on h is  own h y p o th e s is ,  
by s ta t in g  that v a r ia t io n s  in s w a l lo w in g  may o c c u r  a c c o rd in g  
to the age of the s u b je c t ,  and a ro u n d  m id d le  age the p a t te r n  
of s w a l lo w in g  la c k e d  " the  s h a rp n e s s  of the r e f le x e s  in 
yo uth" . T h e  tech n iq u e  re m a in e d  the sa m e , but " c o n s id e ra b le  
c a r e  must be e x e r c is e d  to s e le c t  the a p p r o p r ia t e  s w a l lo w in g  
level , and to be c e r t a in  it  has an accom pan y ing  in te ro c c lu s a l  
d is ta n c e " .  H e  s ta ted  l a t e r  " te s ts  a r e  made r o u t in e ly  fo r  
the p re s e n c e  of th ese  spaces  ( in te ro c c lu s a l  c le a ra n c e )  a f t e r  
the v e r t ic a l  d im ens ion  had been e s ta b l is h e d " .  It would  
a p p e a r  that S H A N A H A N  c o n s id e re d  that h is  tech n iq u e  w as  
n e i th e r  c o m p le te ly  r e l i a b le  n o r  s u ita b le  f o r  e v e r y  p a t ie n t .  
IS M A IL  and G E O R G E  (1968 )  who su p p o rted  S H A N A H A N 's  
h yp o th e s is  used p h ra s e s  such as "a  c o n s id e ra b le ,  th ic k n e s s  
o f w a x " ,  o r  "a  c o n s id e ra b le  amount o f  tooth s h o w in g " ,  but
-  44  -
no gu idance  is g iven  re g a r d in g  the a u th o rs '  u n d e rs ta n d in g  
of the w o rd  " c o n s id e r a b le " .  W hen the v e r t ic a l  d im ension  
of o cc lu s io n  w as  be ing  r e g is t e r e d ,  the su b je c ts  w e r e  
asked to s w a llo w  " s e v e r a l  t im es"  and no a l lo w a n c e  
a p p e a re d  to h ave  been made f o r  any r e s is ta n c e  to c lo s u re  
o f fe re d  by the w ax . I S M A I L  (1969 ) a ttem pted  to c la r i f y  
some of these  p o in ts .  S u b je c ts  w e r e  re q u e s te d  to s w a llo w  
a total of "b e tw ee n  6 and 10 t im e s " .  T h e s e  w e r e  empty  
s w a l lo w s ,  i . e .  n o th ing  w as  p r e s e n t  in the mouth excep t  
s a l iv a .  I f  in s u f f ic ie n t  s a l iv a  w as  p r e s e n t ,  h o w e v e r ,  the  
sub ject w as  g iven  a l i t t l e  w a t e r  to d r in k .  T h e  w a x  cones  
w e r e  10 mm w id e  at the b ase  and 1 0 - 1 5  mm in h e ig h t ,  and 
w e r e  fo rm ed  in " U t i l i t y  w a x "  of the type used fo r  boxing  
im p re s s io n s ,  w h ich  w as  hea ted  to 1 3 5 ° F  (5 6 ° C )  b e fo re  
use. O ne  might exp ect some r e s is ta n c e  to c lo s u r e  fro m  
th is  amount of w a x ,  but it w as c la im e d  that it o f fe re d  
" m in im a l ,  i f  n o ,  r e s is t a n c e " .  T h e  lack  of s ta n d a rd is a t io n  
and p re c is io n  in these  in v e s t ig a t io n s  r e f le c t s  a d v e r s e ly  on 
the a c c u r a c y  of the r e s u l ts .  T h e  main d i f fe r e n c e  be tw een  
V I E R H E L L E R ' S  tech n iq u e  and o th e r  methods is that no 
te n ta t iv e  v e r t ic a l  r e la t io n s h ip  w as  e s ta b l is h e d  b e fo re  
d e te rm in in g  a fu n c tio n a l v e r t ic a l  d im ens io n  o f  o c c lu s io n .
It w as  e s ta b l is h e d  by s w a l lo w in g  a lo n e .  N o  com m ent, h o w e v e r ,  
w as made on the th ic k n e s s  and c o n s is te n c y  of the w a x  used  
and a p p a re n t ly  it w as  c o n s id e re d  that the fu n c t io n a l p o s it io n  
w il l  be a c h ie v e d  in s p ite  of p o s s ib le  r e s is ta n c e  o f fe re d  by
the w ax . P r e v i o u s ly ,  in 1 9 5 8 ,  P O S S E L T  had re p o r te d  
on a s w a llo w in g  study of 12 su b je c ts  w ith  co m p le te  o r  
almost c o m p le te ,  n a tu ra l  d e n t i t io n s .  T h is  w o rk  c o n s id e re d  
the e f fe c t  of the r e l a t i v e  th ic k n e s s  o f w a x  when p la c e d  
betw een  the o cc lusa l s u r fa c e s  of the tee th . T w o  s e r ie s  
of r e c o r d s  w e r e  o b ta in e d ,  one u s ing  w ax  of 1 mm th ic k n e s s ,  
the o th e r  us ing  w a x  2 - 3  mm th ic k ,  in o r d e r  to d e te rm in e  
w h e th e r  o r  not the g r e a t e r  th ic k n e s s  of w a x  o f fe re d  m o re  
r e s is ta n c e  to the e s ta b l is h m e n t of o cc lu sa l co ntact w h i ls t  
sw a llo w in g .  T h e  re s u l ta n t  v e r t ic a l  d im ension  f o r  each  
th ic k n e s s  d i f fe r e d  by on ly  0. 1 mm w h ich  might suggest  
that the amount of w a x  used in e s ta b l is h in g  the v e r t ic a l  
dim ension  o f  o c c lu s io n  by s w a l lo w in g  is not c r i t i c a l .  T h e  
fo r c e  e x e r te d  d u r in g  s w a l lo w in g  by den tu lo us  p a t ie n ts ,  
h o w e v e r ,  may d i f f e r  f ro m  the f o r c e  e x e r te d  by ed en tu lous  
p a t ie n ts ,  and it  is  p o s s ib le  that P O S S E L T ' S  r e s u l ts  a r e  
not a p p l ic a b le  to ed en tu lo u s  s u b je c ts .  F u r t h e r m o r e ,  i f  
w ax  of s im i la r  th ic k n e s s  w e r e  used to d e te rm in e  the  
v e r t ic a l  d im ension  o f  o c c lu s io n  by s w a l lo w in g  f o r  
ed en tu lous  s u b je c ts ,  a f a i r l y  a c c u r a te  v e r t ic a l  d im ension  
o f o cc lu s io n  w ould  r e q u i r e  to be e s ta b l is h e d  in the f i r s t  
in s tan ce  thus le a v in g  l i t t l e  m a rg in  f o r  e r r o r .
4. 4 O c c lu s a l  F o r c e  and S w a l lo w in g
A  f u r t h e r  tech n iq u e  to d e te rm in e  v e r t ic a l  d im ension  
by s w a l lo w in g  w as  suggested  by F I N N E G A N  (1967 ) who  
a ttem p ted  to e s ta b l is h  a re la t io n s h ip  b e tw een  the v e r t ic a l
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dim ension  of o cc lu s io n  and the fo r c e  e x e r te d  by the ja w s  
d u r in g  s w a llo w in g .  H e  suggested  that i f  the m agnitude  
of an in te ro c c lu s a l  s w a l lo w in g  fo r c e  could  be changed by 
a l te r a t io n s  in the v e r t ic a l  d im ension  of o c c lu s io n ,  then a 
p a t te rn  might be p ro d u c e d  w h ich  w ould  in d ic a te  optimum  
v e r t ic a l  d im ension  o f o c c lu s io n  f o r  co m p le te  d e n tu re s .  An  
i n t r a - o r a l  h y d ra u l ic  system  connected  to a s t r a in - g a u g e  and  
w ir e d  to an a m p l i f ie r  and r e c o r d e r  w as  u s e d , and s w a l lo w in g  
w as p e r fo r m e d ,  i) on command; i i )  in v o lu n t a r i ly ,  and
i i i )  on d r in k in g  w a t e r .  H e  found a l in e a r  re la t io n s h ip  
e x is te d  b e tw een  s w a l lo w in g  f o r c e  and v e r t ic a l  d im ension  
only at lo w e r  le v e ls  of ja w  opening .
4 . 4. 1 Comment
A lthough  it w as  d e m o n s tra te d  that th e re  e x is te d  a 
re la t io n s h ip  be tw een  s w a l lo w in g  f o r c e  and v e r t ic a l  d im ension  
of o cc lu s io n  o v e r  a l im ite d  ra n g e ,  no re la t io n s h ip  w as  fo rm e d  
w hich  w ould  have p e rm it te d  its  c l in ic a l  use in the d e te rm in a t io n  
of the v e r t ic a l  d im en s ion  of o c c lu s io n .  T h e  method of r e c o r d in g  
v e r t ic a l  d im ension  o f o c c lu s io n  by ja w  fo r c e s  d u r in g  s w a l lo w in g  
w as c o n s id e re d  im p r a c t ic a l .
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M E T H O D S  O F  I N V E S T I G A T I O N
5. 1 In tro d u c t io n
V a r io u s  methods of in v e s t ig a t io n  have been d eve lo p ed  
and used to r e c o r d  in fo rm a tio n  fro m  the mouth d u r in g  
fu n c tio n s  such as s w a llo w in g .  M ethods used h ave  in c luded  
v isu a l a s s e s s m e n t ,  t ra n s m it t in g  a p p a ra tu s ,  ra d io g ra p h y  and  
el e c to m y o g ra p h y .
5. 2 V is u a l  A ssess m en t
D i r e c t  c l in ic a l  o b s e rv a t io n s  on v e r t ic a l  m a n d ib u la r  
movement and o cc lu s a l  tooth co ntact d u r in g  s w a l lo w in g  w e r e  
made by N IS W O N G E R  (1934 ) and l a t e r  by R IX  (1946) in h is  
study on o cc lu sa l tooth con tact d u r in g  s w a l lo w in g  in a group  
of c h i ld re n .
O th e r  tech n iq u es  w e r e  used by IS M A IL  and G E O R G E  
( 1 9 6 8 ) ,  who d e te rm in e d  the in c id e n c e  o f occ lu sa l tooth co n tact  
d u r in g  s w a l lo w in g  by p la c in g  soft w a x  on the o cc lu sa l s u r fa c e  
of the tee th  and ind uc in g  the su b jec t  to s w a l lo w .  T h e  amount 
of d e fo rm a tio n  of the w a x  w as used  as an assessm en t of  
contact.
5. 3 T r a n s m it t in g  A p p a ra tu s
T r a n s m it t in g  a p p a ra tu s  has been used to study tooth  
con tac ts  w h ich  o c c u r  d u r in g  m a s t ic a t io n  ( J A N K E L S O N  et a l .  
1 9 5 3 ,  Y U R K S T A S  and E M E R S O N  1 9 5 4 ,  A N D E R S O N  and  
P I C T O N  1957 ).  In fo rm a t io n  w as  r e c o r d e d  by p la c in g  metal  
in s e r t s  in opposing  te e th ,  and le a d in g  w i r e s  fro m  the in s e r ts  
to re c o r d in g  equ ipm ent. W hen the opposing  metal s u r fa c e s
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con tacted  the e le c t r ic a l  c i r c u i t  w as  com ple ted  and a signal  
t ra n s m it te d  to the r e c o r d in g  a p p a ra tu s .
M o re  s o p h is t ic a te d  tech n iq ues  us ing  in t r a - o r a l  ra d io  
te le m e try  have been r e p o r te d  by s e v e ra l  w o r k e r s  ( B R E W E R  
and H U D S O N  1961 , G I L L I N G S  et a l .  1 9 6 3 ,  G R A F  and 
Z A N D E R  1 9 6 3 ,  A D A M S  and Z A N D E R  1 9 6 4 ,  S C H A R E R  and  
S T  A L L A R D  1 9 6 5 ,  N E I L L  1 9 6 7 ,  G L IC K M A N  et a l .  1968 ).  In 
each of these  s tu d ie s ,  in fo rm a t io n  fro m  the mouth w as  t ra n s m it te d  
d i r e c t ly  to a ra d io  r e c e i v e r  in the v ic in i t y  of the p a t ie n t  and so 
d ispensed  w ith  w i r e s  em an ating  fro m  the mouth. T h e s e  s tu d ies  
w e r e  r e la te d  to tooth con tact a lo n e ,  the t r a n s m i t t e r  be ing  
sw itch ed  on by a m e ta l l ic  co n tact in an opposing  tooth. 
M easu rem e nt o f tooth contact to g e th e r  w ith  a ra n g e  of  
in te ro c c lu s a l  c le a r a n c e  w as  o b ta ined  by T H O M S O N  and 
M A C D O N A L D  (1969 )  em p lo y in g  m in ia tu re  t r a n s d u c e r s  w hose  
output signal v a r ie d  w ith  t h e i r  p r o x im ity  to a d ia m a g n e t ic  
m a te r ia l .  A  d i f fe r e n t  a p p ro ach  used the p r in c ip le  o f  the H a l l  
e ffe c t  to m o n ito r  the in te ro c c lu s a l  s e p a ra t io n  in the a n t e r io r  
reg io n  of the mouth d u r in g  speech (K Y D D  et a l .  1967 ).  T h e  
H a ll  e f fe c t  is  the change in c u r r e n t  d is t r ib u t io n  in a c o n d u c to r  
o r  s e m i-c o n d u c to r  a c c o rd in g  to i ts  p ro x im ity  to a magnet.
T h e s e  in s tru m e n ta l  tech n iq u es  d e s c r ib e d  in v o lv e  f a i r l y  
com plex e le c t r o n ic  c i r c u i t r y  o r  s o p h is t ic a te d  d e te c to r  
a p p a ra tu s .
5. 4 R a d io g ra p h y
In ro u t in e  dental ra d io g ra p h y  the a r e a  be ing
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ra d io g ra p h e d  is he ld  s ta t io n a ry  and is  su b jec ted  to a 
l im ited  time e x p o s u re  of X - r a y s .  An im age of the s t r u c t u r e  
is r e c o rd e d  on a f i lm . T h is  techn iqu e  is  s u ita b le  f o r  most 
c l in ic a l  o r  d ia g n o s t ic  p u rp o s e s  and is  a ls o  used in s e r ia l  o r  
c o m p a ra t iv e  s tu d ie s  of c e r t a in  ja w  p o s it io n s  ( T A L L G R E N  
1 9 5 7 ,  I N G E R V A L L  1964 ).  F o r  the study of fun ctio na l  
movements such as s w a l lo w in g  it is c le a r ly  p r e f e r a b le  that 
the r a d io g ra p h  w i l l  r e c o r d  the com ple te  ra n g e  of continuous  
movement. T h is  is done by m aking  a continuous e x p o s u re  
w hich  may be v ie w e d  d i r e c t ly  ( f lu o ro s c o p y ) ,  o r  re c o rd e d  on 
f i lm  (c in e r a d io g ra p h y  o r  c in e f lu o ro g ra p h y ) .  T h e  la t t e r  method  
w il l  a l lo w  re p e a te d  v isu a l study o f the v a r io u s  ph ases  of  
movement and a lso  p e rm it  d e ta i le d  a n a ly s is  of in d iv id u a l f i lm  
f ra m e s .
D i r e c t  f lu o ro s c o p y  w ith  a b ism uth s w a l lo w  w as f i r s t  
used by C A N N O N  and M O S E R  (1898 ) to study the oesophageal  
stage in s w a l lo w in g .  R a d ia t io n  le v e ls  in th is  tech n iq u e  w e r e  
v e r y  h ig h ,  but w ith  im p ro vem en ts  in a p p a r a tu s ,  in d i r e c t  
c in e f lu o ro g ra p h y  o r  c in e ra d io g ra p h y  can be p e r fo r m e d  w ith  
n e g l ig ib le  r i s k  to p a t ie n t .
M o re  re c e n t  s tu d ie s  on oesophageal and p h a ry n g e a l  
stages  o f s w a l lo w in g  u s in g  such tech n iq u es  have been r e p o r te d  
by R U S H M E R  and H E N D R O N  (1 9 5 1 ) ,  and R A M S E Y  et a l .  (1 9 5 5 ) .  
C in e ra d io g ra p h y  w as  used by A R D R A N  and K E M P  (1955 )  to 
study m ovem ents of the tongue in s w a l lo w in g ,  w h i ls t  C O O P E R  
(1956 ) used c in e f lu o ro g r a p h y  w ith  an im age in t e n s i f ie r  as an
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aid  to d ia g n o s is  and t re a tm e n t  p lan n in g  f o r  c le f t  p a la te  
p a t ie n ts .  S im i la r  techn iqu es  w e r e  used in in v e s t ig a t io n s  
into tongue b e h a v io u r  ( T U L L E Y  1 9 6 0 ,  C L E A L L  1 9 6 5 ) ,  
developm ent of the dec iduous d e n t i t io n  ( L E IG H T O N  1960)  
fu nc tio n  of the te m p o ro m a n d ib u la r  jo in t  ( B E R R Y  and 
H O F F M A N  1959) m a n d ib u la r  movem ents d u r in g  s w a l lo w in g  
( IN G E R V A L L  et a l .  1971) and m a s t ic a to ry  a b i l i t y  ( W A T S O N  
1972).
5. 5 E le c t ro m y o g ra p h y
P R U Z A N S K Y  (1952 )  in d is c u s s in g  the p o s s ib le  
a p p lic a t io n s  o f el e c tro m y o g ra p h y  in d e n t is t r y  suggested  its  
use in o b ta in in g  e le c t ro m y o g ra p h ic  p a t te rn s  of m u sc les  of 
fac ia l  e x p re s s io n  and m u scles  of m a s t ic a t io n .  E a r l i e r  w o rk  
by M O Y E R S  (1956 ) had c o n c e n tra te d  on e le c t r o m y o g r a p h ic  
re c o rd in g s  o f the r e s t  p o s it io n  and m ovem ents of the m a n d ib le ,  
w h ils t  N E U M A N N  (1950 ) had s tud ied  e le c t r ic a l  a c t iv i ty  in the  
m a s t ic a to ry  m u s c u la tu re  in an e f fo r t  to m e a s u re  the f o r c e  
e x e r te d  when ch ew ing . In 1 9 5 6 ,  S H P U N T O F F  and S H P U N T O F F , 
in an in v e s t ig a t io n  of p a t ie n ts  w ith  norm al o c c lu s io n ,  found  
that a c h a r a c t e r i s t i c  e le c t ro m y o g ra m  w as  p ro d u c e d  by norm al  
a d u lts  w ith  t h e i r  teeth  in the in te rc u s p a l  p o s it io n .  ( In  the •
co u rs e  of t h e i r  study they a ls o  noted that the movement fro m  
the r e s t  v e r t ic a l  d im ension  to the in te rc u s p a l  p o s it io n  w as  
u s u a lly  accom pan ied  by the s w a l lo w in g  of s a l iv a ) .  E le c t r i c a l  
m u sc le  a c t iv i ty  in s w a l lo w in g  w as  in v e s t ig a te d  by M 0 L L E R  
et a l .  (1971 ) who d e m o n s tra te d  that such a c t iv i t y  w as
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u n a ffec ted  by the p o s it io n  of the p a t ie n t 's  head. S tu d ie s  of  
tooth contact d u r in g  ch ew ing  (H A N N A N  et a l .  1969) have  
d em o n stra ted  in h ib it io n  o f a c t iv i t y  in the m a s s e te r  m usc le  
im m ed ia te ly  a f t e r  con tact. D u r in g  s w a l lo w in g ,  h o w e v e r ,  
tooth contact has been shown to c o - in c id e  w ith  in c re a s e d  
a c t iv i ty  in the tem pora l m usc les  ( M 0 L L E R ,  1966).
5. 6 Comment
D i r e c t  c l in ic a l  o b s e rv a t io n  of func tio na l movem ents  
such as s w a l lo w in g ,  is  f ra u g h t  w ith  d i f f ic u l t ie s .  T h e  
o b s e r v e r  can v ie w  the teeth  on ly  w hen the  l ip s  a r e  p a r t e d ,  
which  may o c c u r  on ly  when the su b je c t  d ra w s  l iq u id  into the  
mouth. It is  v e r y  l ik e ly  that any s e p a ra t io n  o f the l ip s  by the  
f in g e r s  o f the o b s e r v e r  d u r in g  the sequence  w i l l  in t e r f e r e  
w ith  norm al fu n c tio n  and may in f lu e n c e  m a n d ib u la r  m ovem ents.  
Such a method o f in v e s t ig a t io n  is  u n s a t is fa c to ry  ( L E IG H T O N  
1960).
T h e  use of soft w a x e s  as a r e c o r d in g  medium would  
also  a p p e a r  to be su b jec t  to c o n s id e r a b le  e r r o r .  T h e s e  
m a te r ia ls  by th e i r  v e r y  n a tu re  a r e  s u s c e p t ib le  to ra p id  
d is to r t io n  when p la c e d  in the mouth (at 3 7 ° C )  even  w ith ou t  
the a p p l ic a t io n  of s t re s s .  C o n seq u en t ly  such an a p p ro a c h  
does not p ro v id e  r e l i a b le  data .
R e c o rd in g  of e le c t r ic a l  s ig n a ls  en jo y s  c o n s id e ra b le  
p o p u la r i ty .  A p p a ra tu s  in w h ich  w i r e s  run  fro m  an i n t r a ­
o r a l  s t r u c tu r e  to an e x t r a - o r a l  r e c o r d e r  has been c r i t i c i s e d  
on the g ro u n d s  that such w i r e s  may a f fe c t  norm al fu n c tio n
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( N E I L L  1 9 6 7 ,  T H O M S O N  and M A C D O N A L D  1969 ). I n t r a ­
o ra l  t e le m e t r y ,  w h ich  avo id s  the use of w i r e s ,  can be used  
to d e m o n s tra te  both contact and in te ro c c lu s a l  c le a ra n c e .  It 
is l im i te d ,  h o w e v e r ,  by the n um ber and w id th  of s w itc h e s  
w hich  can be in c o rp o ra te d  into a contact a r e a ,  and con seq uently  
is un ab le  to p ro d u c e  s ig n a ls  fo r  a ll p o s s ib le  p o s it io n s  of  
contact.
T h e  m a jo r  p ro b le m s  in the use of ra d io g ra p h ic  
techn iques  a r e  im age s h a rp n e s s  ( R A M S E Y  et a l .  1955) and 
r a d ia t io n  dosage in p ro lo n g e d  v ie w in g .  B E R R Y  and H O F F M A N  
(1959) have  deduced that when u s in g  a c in e f lu o r o g r a p h ic  
techn ique  a p a t ie n t  exposed fo r  one m inute  r e c e iv e d  no m o re  
ra d ia t io n  than when hav in g  a p e r ia p ic a l  f i lm  taken  of a lo w e r  
m o lar  tooth. T U L L E Y  (1 9 6 0 ) ,  h o w e v e r ,  o b s e rv e d  that  
l im ita t io n s  of the a p p a ra tu s  a l lo w e d  v ie w in g  fo r  on ly  a few  
seco n d s , w h i ls t  L E I G H T O N  (1960 )  quoted a sa fe ty  ra n g e  of 
10 seconds f i lm in g  f o r  a 3 y e a r  o ld  c h ild .  Im age s h a rp n e s s  
has im p ro ved  s in c e  1 9 5 5 ,  due to d eve lo p m en ts  in e q u ip m en t,  
and the advent of the e le c t r o n ic  im age in t e n s i f ie r  has  
c o n s id e ra b ly  red u ced  the r a d ia t io n  dosage. R a d io g ra p h y  
thus re m a in s  a usefu l method fo r  a c o m p re h e n s iv e  in v e s t ig a t io n  
of functiona l m ovement.
E l e c tro m y o g ra p h y  has been used to study the a c t iv i ty  
of the m uscles  of m a s t ic a t io n  d u r in g  s p e c i f ic  ja w  fu n c t io n s  
and at s p e c i f ic  ja w  p o s it io n s .  T h e r e  a p p e a rs  to h ave  been  
l i t t l e  c o n s id e ra t io n  o f the p o s s ib le  r e la t io n s h ip  of
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e le c t ro m y o g ra p h ic  p a t te rn s  e i th e r  to tooth contact o r  to 
in te ro c c lu s a l  c le a r a n c e  d u r in g  s w a llo w in g .
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S U M M A R Y  A N D  C O N C L U S I O N S
T h e  r e v ie w  o f the l i t e r a t u r e  has inc luded  both a d e s c r ip t io n  
and d is c u s s io n  of methods used to r e c o r d  ja w  r e la t io n s h ip s  and 
methods used in the in v e s t ig a t io n  of o ra l  fu n c t io n s . It can be 
sum m arised  in two p a r ts  :
1. R e c o rd in g  Jaw  R e la t io n s h ip s
i) A  c o r r e c t  r e c o r d in g  of both v e r t ic a l  and h o r iz o n ta l  
ja w  r e la t io n s h ip s  is  o f  c o n s id e ra b le  im p o rta n c e  in 
the des ign  o f com ple te  d e n tu re s ,
i i )  Som e methods of re c o r d in g  ja w  r e la t io n s h ip s  make  
use of s p e c i f ic  ja w  m ovem ents and may be d e s c r ib e d  
as  functio na l m ethods. O th e r  m ethods may be 
d e s c r ib e d  as n o n - fu n c t io n a l .
i i i )  N o n - fu n c t io n a l  methods may be used e i t h e r  b e fo re  
o r  a f t e r  e x t ra c t io n  of the n a tu ra l  tee th . N e i t h e r  
re c o r d in g s  made b e fo re  e x t r a c t io n  o r  a f t e r  
e x t ra c t io n  a p p e a r  v e r y  r e l i a b le .  F u r t h e r m o r e ,  
re c o rd in g  o f ja w  re la t io n s h ip s  w h i le  the n a tu ra l  
teeth  a r e  p r e s e n t  is o n ly  of v a lu e  i f  it is  c o n s id e re d  
d e s i r a b le  to c o n s tru c t  d e n tu re s  to p r e - e x t r a c t io n  
m easu rem en ts .
iv) F u n c t io n a l  methods such as b it in g  a c t io n  and ch ew in g  
m ovem ents la c k  p r e c is io n .  T h e  use o f the p r in c ip le s  
of p h o n e t ics  and a lso  the p a t ie n t 's  own n e u ro m u s c u la r  
p e rc e p t io n  may o f f e r  some su ccess  in the  e s ta b l is h m e n t  
of v e r t ic a l  ja w  r e la t io n s h ip s ,  but such m ethods a r e  by
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no m eans in fa l l ib le ,
v) C o n s id e ra b le  a t te n t io n  has been g iven  to the  
a s s o c ia t io n  b etw een  s w a l lo w in g  and ja w  
r e la t io n s h ip s .  It seems p o s s ib le  that both v e r t ic a l  
and h o r iz o n ta l  r e la t io n s h ip s  may be re c o r d e d  by 
s w a llo w in g .  T h e r e  a r e ,  h o w e v e r ,  c o n f l ic t in g  
r e p o r ts  re g a r d in g  both the o c c u r r e n c e  of o cc lu sa l  
tooth contact and the p o s it io n  of occ lusa l tooth  
contact d u r in g  s w a llo w in g .
2. In v e s t ig a t io n  of O r a l  F u n c t io n s
i) V a r io u s  fu n c t io n s  of the mouth may be seen by c l in ic a l  
o b s e r v a t io n ,  but the re c o r d in g  of m o re  a c c u ra te  data  
has been attem p ted  by many w o r k e r s  u s in g  
t ra n s m it t in g  a p p a r a tu s ,  r a d io g r a p h ic  and 
e le c t ro m y o g ra p h ic  tech n iq ues ,
i i )  In s p ite  of many ad vances  in tech n iq u es  of in v e s t ig a t io n  
th e re  s t i l l  re m a in s  doubt and u n c e r ta in ty  about d e r iv in g  
c o n c lu s iv e  re s u l ts ,
i i i )  A  nu m b er of the above  te c h n iq u e s ,  o r  v a r ia t io n s  of  
them , have been in c o rp o ra te d  in the p re s e n t  study.
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T H E  S A M P L E  I N V E S T I G A T E D
6 . 1 T h e  N u m b e r  o f  S u b je c ts
T h e  total study w as p e r fo rm e d  in 70 adu lt  su b jec ts  
l iv in g  in the W es t o f S c o t la n d  who w e r e  p a t ie n ts ,  m em bers  of  
s ta f f  o r  u n d e rg ra d u a te  s tudents  at G lasgow  D enta l H o s p ita l .
A l l  w e r e  v o lu n te e rs .  E ach  sub ject w as asked  to p e r fo r m  
s ix  s w a l lo w in g  se q u e n c e s ,  m aking  420  sequences a v a i la b le  f o r  
a n a ly s is .  T h e  f i r s t  p a r t  of the in v e s t ig a t io n ,  in w hich  a 
t ra n s m it t in g  coil w as u s e d , in vo lved  a group o f dentu lous  
s u b je c ts .  T h e  second p a r t  o f the in v e s t ig a t io n ,  in w h ich  
f lu o r o g r a p h ic  tech n iqu es  w e r e  used in vo lved  the re m a in in g  
su b je c ts  both den tu lo us  and eden tu lo us . T h e  edentu lous  
su b je c ts  w e r e  in v e s t ig a te d  in two g ro u p s ,  one w ithout  
d e n tu r e s ,  the o th e r  w e a r in g  d e n tu re s .  T h e  num ber of cases  
in each group p a r t ic ip a t in g  in both p a r ts  of the study is  
shown in T a b le  3 ,  1.
6 . 2 C r i t e r i a  f o r  S e le c t io n
T h e  fo l lo w in g  c r i t e r i a  w e r e  ap p lie d  in the s e le c t io n  
of s u b je c ts  f o r  the in v e s t ig a t io n s  :
6 . 2. 1 A ge
F o r  all su b je c ts  the lo w e r  age l im it  w as  f ix e d  at 18 
y e a r s .  A c c o rd in g  to the e ru p t io n  t im es o f te e th ,  w ith  the  
excep t io n  of the th ir d  m o la r  te e th ,  th is  w as an age at w h ich  
the d e n t i t io n  w as  c o n s id e re d  fu l ly  d eve lo p ed . T h e r e  w a s  no 
r e s t r i c t io n  on the u p p e r  age l im it .  T h e  n u m b er of s u b je c ts  
in v a r io u s  age g rou ps  is  shown in T a b le  3 ,  2.
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6 . 2. 2 S ta te  of the D e n t i t io n
In the f lu o r o g r a p h ic  in v e s t ig a t io n  in v o lv in g  dentu lous  
s u b je c ts  it would  seem re a s o n a b le  to use s u b je c ts  w ith  as 
many of t h e i r  n a tu ra l  teeth  p re s e n t  as p o s s ib le .  T h is  would  
a l lo w  the w id e s t  p o s s ib le  exam ination  of tooth contact and  
the p o s it io n  at w h ich  contact o c c u r re d .  C om ple te  d e n t i t io n s ,  
even in the yo u n g er age g ro u p s ,a r e  seldom found in the W es t  
of S c o t la n d  ( S T E P H E N  1 9 7 0 ,  S T E P H E N  and S U T H E R L A N D  
1 9 7 1 ) ,  and th e r e f o r e  many s u b jec ts  had is o la te d  m iss in g  teeth . 
S u b je c ts  w e r e  inc luded  f o r  in v e s t ig a t io n  on ly  i f  they had  
s u ff ic ie n t  n a tu ra l  teeth  in o cc lu s io n  to e s ta b l is h  a v e r t ic a l  
dim ension  of o cc lu s io n  in the in te rc u s p a l p o s it io n . T h is  
a l lo w e d  r e f e r e n c e  to an e s ta b l is h e d  anatom ical p o s it io n .
T h e  minimum num ber a c c e p ta b le  w as two p o s t e r io r  teeth  on 
each s id e ,  which  w e r e  ab le  to occ lu d e  w ith  opposing  tee th .  
B r id g e s  and p a r t ia l  d e n tu re s  w e r e  not a c c e p ta b le  su b s t i tu te s .  
G ro s s ly  c a r io u s  d e n t it io n s  in v o lv in g  loss  of tooth s t r u c t u r e  
w e r e  a lso  exc lu d ed . O f  the 30 su b je c ts  s e le c te d  fo r  
in v e s t ig a t io n ,  27 of them m o re  than f u l f i l l e d  the above c r i t e r i a .
F o r  the p a r t  of the in v e s t ig a t io n  u s ing  t ra n s m it t in g  
c o i ls ,  it w as  n e c e s s a ry  to s e le c t  su b je c ts  w ith  a d e n t it io n  
w h ic h ,  b e s id e s  com ply ing  w ith  the above c r i t e r i a ,  had 
opposing  eden tu lo us  sad d les  into w h ich  c o i ls  could be 
p o s it io n e d  o p p o s ite  each o th e r .
6 . 2. 3 T y p e  of O c c lu s io n
L o s s  o f  is o la te d  te e th ,  ro ta t io n  and m a lp o s it io n  of
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ind iv idu a l teeth  and c ro w d in g  all c o n tr ib u te  to the p re s e n c e  
of m a lo cc lu s fo n . In the p re s e n t  study th is  s itu a t io n  w as  
accep ted  p ro v id e d  that the sub ject could a c h ie v e  tooth  
contact in the in te rc u s p a l  p o s it io n . G ro s s  m a lo c c lu s io n s ,  
h o w e v e r ,  e i th e r  p r e -  o r  p o s t -n o rm a l  ( A N G L E  1899) w e r e  
exc lu ded .
6 . 2. 4 E d e n tu lo u s  S u b je c ts
E d en tu lo u s  su b jec ts  w e r e  inc luded in the study p ro v id e d  
that they had been edentu lous  fo r  at le a s t  12 months. S u b je c ts  
w ith  s k e le ta l  o r  deve lopm enta l an o m a lies  ( e .g .  c le f t  p a la te )  
w e r e  exc lu d ed . S u b je c ts  w e a r in g  com ple te  d e n tu re s  w e r e  
in c luded  if  they had been w e a r in g  t h e i r  d e n tu re s  w ithout  
d is c o m fo rt  f o r  a p e r io d  of not less  than 2 months and not m o re  
than 12 months. T h is  p e r io d  of t im e p e rm it te d  su b jec ts  to 
become accustom ed to th e i r  d e n tu re s  but l im ite d  the p o s s ib i l i t y  
of re d u c t io n  o f the v e r t ic a l  d im ension  of o cc lu s io n  due to w e a r  
of the tee th . In an attem pt to a c h ie v e  some d e g re e  of  
s ta n d a rd is a t io n  o f the d e n tu re s ,  a l l  such su b je c ts  had t h e i r  
d e n tu re s  c o n s tru c te d  e i t h e r  by the a u th o r  o r  in c l in ic s  u n d e r  
the s u p e rv is io n  of the a u th o r .  In all c a s e s ,  ja w  re la t io n s h ip s  
fo r  th ese  s u b je c ts  w e r e  r e c o rd e d  by tech n iqu es  o th e r  than  
swal lo w in g .
6 . 3 Comment
T h e  group o f den tu lo us  s u b je c ts  w as d iv id e d  f a i r l y  
e v e n ly  b e tw een  m ales  and fe m a le s ,  w h i ls t  the group of  
e d en tu lo u s  s u b jec ts  show ed a p re p o n d e ra n c e  of fe m a le s .  In
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v ie w  o f the n a tu re  of the in v e s t ig a t io n  th is  is not l ik e ly  to 
have any d e c is iv e  e f fe c t  on f in d in g s .
I f  a su b jec t a g re e d  to v o lu n te e r  f o r  the in v e s t ig a t io n ,  
he o r  she w as exam ined  and q u e s t io n e d , and i f  the c r i t e r i a  
of s e le c t io n  w e r e  f u l f i l l e d ,  w as inc luded in the in v e s t ig a t io n .  
T h is  method o f s e le c t io n  w as  continued until the d e s ire d  
num ber in each group had been o b ta ined .
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T H E  T R A N S M I T T I N G  C O IL  S T U D Y
7. 1 D e s c r ip t io n  o f A p p a ra tu s
T h e  in s tru m en t used in the p r e l im in a r y  study was  
des ign ed  to m e a s u re  occ lusa l tooth s e p a ra t io n  by means  
of e le c t r ic a l  f ie ld  v a r ia t io n s  ( L A IR D  et a l .  1971). It 
m akes use of the v a r y in g  coup ling  betw een the p r im a r y  
and s e c o n d a ry  c o i ls  of an a i r  c o re d  t r a n s fo r m e r  as the 
c o i ls  a r e  s e p a ra te d .  A  p r im a r y  a i r  c o re d  coil of a few  
tu rn s  is d r iv e n  fro m  an o s c i l l a t o r  (a. c. v o lta g e  s o u r c e ) ,  
and a s e c o n d a ry  o r  s e a rc h  coil w ith  many tu r n s ,  and  
mounted on the same a x is  as the p r im a r y  c o i l , feed s  an 
a m p l i f ie r .  T h e  a m p li f ie d  s ignal is  r e c t i f ie d .
E ach  coil is hand wound w ith  40  swg (0. 12 mm 
d ia m e te r )  e n am e lled  co p p er w i r e  a ro u n d  a c o re  of 6. 5 mm 
d ia m e te r .  T h e  c o i ls  have l im ite d  maximum d im ensions  as  
they a r e  des ign ed  to be p la c e d  in opposing edentu lous  
sad d les  w hich  can be as small as the space  le f t  by an 
e x t ra c te d  tooth. T h e  w i r e s  fro m  the c o i ls  a r e  led  fro m  the  
m outh, the p r im a r y  coil be ing  l in ked  to the o s c i l l a t o r  and the  
s e c o n d a ry  coil b e ing  l in ked  to the a m p l i f ie r .  T h e  am p litu d e  
o f the induced v o lta g e  depends on the ph ys ica l re la t io n s h ip  
of the two c o i ls  ( i . e .  t h e i r  v e r t ic a l  s e p a ra t io n ) .  Any  
v a r ia t io n  in the coil s e p a ra t io n  p ro d u c e s  a c o rre s p o n d in g  
change in the output s ignal f ro m  the c i r c u i t .
A  b lo ck  d ia g ra m  of the a p p a ra tu s  is  shown in F ig .
3 ,  1. B oth  the o s c i l l a t o r  and the a m p l i f ie r  a r e  c o n s tru c te d
-  61 -
us ing  ^/*'A703  a m p l i f ie r s  ( F a i r c h i ld )  which  a r e  des igned  fo r  
use w ith  t r a n s fo r m e r  coupled c i r c u i t s ,  tuned c i r c u i t s  o r  
both. -
T h e  r a t io  o f the num ber of seco n d ary  to p r im a r y  
tu rn s  should  be la r g e  to ob ta in  a high induced v o l ta g e ,  but 
the o s c i l l a t o r  should not be loaded e x c e s s iv e ly .  T h e  c o i ls  
a r e  t h e r e f o r e  wound to a c o re  of d ia m e te r  6. 5 mm w ith  200  
tu rn s  on the sec o n d a ry  coil and 15 tu rn s  on the p r im a r y  coil 
(F ig .  3 ,  2 ) .  T h is  r a t i o ,  to g e th e r  w ith  the fa c t  that the  
p r im a r y  coil has l im ite d  maximum d im ensions  as it must f i t  
into a tooth s p a c e ,  l im its  the p r im a r y  coil in du ctan ce  to 
about ^ tH . F o r  a good v o lta g e  t ra n s fo rm a t io n  w ith  l i t t l e  
load ing  of the o s c i l l a t o r  the p r im a r y  im pedance should be  
high. T h e  o s c i l l a t o r  is t h e r e f o r e  tuned to 3. 35 M H Z which  
e n s u re s  re a s o n a b le  p r im a r y  coil im pedan ce , but is not so 
high as to be a f fe c te d  by the s t r a y  c a p a c ita n c e  of long lead  
w ir e s .
T h e  a m p l i f ie r  is  fed fro m  the m u l t i - t u r n  s e a rc h  coil 
and the a m p li f ie d  signal f ro m  the output t r a n s f o r m e r  is 
r e c t i f i e d  and fed  to a 5 0 0 J lp o te n t io m e te r  v ia  a r e s is t o r .
It is thus s h o r t - c i r c u i t  p ro o f .  T h e  p o te n t io m e te r  a l lo w s  
adjustm ent of the s e n s i t iv i ty  of the a p p a ra tu s  and a lso  
p ro v id e s  dam ping f o r  a U V  r e c o r d e r  g a lv a n o m e te r .  T h e  
output signal is  a ls o  s u f f ic ie n t  to d r iv e  most pen r e c o r d e r s .  
C ontin uo us  g ra p h ic  p re s e n ta t io n  of the output en ab les  the coil 
s e p a ra t io n  to be r e a d i ly  d e te r m in e d  at any g iven tim e. In
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o r d e r  to meet v a r ia t io n s  in space a v a i la b le  in the dental 
a rc h e s  of s u b je c ts ,  the r a t io  o f the num ber of se c o n d a ry  to 
p r im a r y  tu rn s  in the c o i ls  to g e th e r  w ith  the d ia m e te r  of the  
c o r e ,  is  a d ju s ta b le .  Such ad justm ents  r e s u l t  in a l t e r a t io n s  
in s ignal s tre n g th  h o w e v e r ,  and ind iv id ua l c a l ib r a t io n  is 
n e c e s s a r y .  T h e  p o w e r  s u p p ly ,  no m in a lly  12 v o lts  at 20m A  
is d eco up led  fo r  high f re q u e n c ie s  by a c a p a c i t o r ,  and is  
p ro v id e d  by s tan d ard  L ^ c la n c h e  b a t te r ie s .
R e c o rd in g s  w e r e  made u s in g  a p o te n t io m e tr ic  pen  
re c o rd e r^  s u ita b le  f o r  small d. c. v o lta g e  inputs (F ig .  3 , 3 ) .
N o  w a rm in g -u p  tim e is r e q u i r e d  and the r e c o r d e r  has a c h a r t  
w id th  o f 200  mm w ith  a re s p o n s e  time of 1 sec fo r  a fu ll  s c a le  
d e f le c t io n .  T h e  z e r o  p o s it io n  is a d ju s ta b le  o v e r  the w h o le  
w r i t in g  w id th  of 200  mm. T h e  c h a r t  d r iv e  speed s e le c te d  fo r  
r e c o rd in g s  was the maximum a v a i la b le  (600  m m /m in ) in o r d e r  
to o b ta in  c le a r  g ra p h ic a l  d e ta i l .
7. 2 P r o c e d u r e
2
A lg in a te  im p re s s io n s  w e r e  obta ined  of the mouth of  
each s u b jec t  and p o u re d  in dental stone. T h e  cas ts  w e r e
3
mounted in the in te rc u s p a l  p o s it io n  on an a r t ic u la t o r .
4
A c r y l i c  bases  w e r e  la id  down on each cast w ith  the ad d it io n  
of 0. 7 mm s ta in le s s  steel w ro u g h t w i r e  r e t a in e r s  on s u ita b le  
teeth . T w o  c o i ls  w e r e  s e le c te d  and s ea led  o p p o s ite  to each
1 R . E .  511 S ta n d a rd  S e r v o s c r ib e ,  S m ith s  In d u s t r ie s  L td .  , 
W e m b le y ,  M id d le s e x .
2 S u p e r  K rom op an  : F .  H . W r ig h t  D en ta l M a n u fa c tu r in g  C o. L td .  , 
D u n d e e ,  S c o t la n d .
3 G ib l in g  B r o s .  P a te n t  3 1 3 6 3 /4 9  : J. F ie ld in g  and Co. L td .  , 
S y d n e y ,  A u s t r a l i a
4 O r t h o c r y l  : D e n ta u ru m , W es t G erm an y .
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o th e r  in w a x  r im s .  T h e  c o i ls  w e r e  l in ked  to the v o lta g e  
s o u rc e  and r e c o rd in g  s ys tem , and the b ases w e r e  in s e r te d  
in the mouth ( F ig .  3 , 4 ) .  T h e  s w a llo w in g  sequences  w e r e  
p e r fo rm e d  w ith  the sub ject seated  in an u p r ig h t  p o s it io n  w ith  
the head u n s u p p o rte d ,  as suggested by M 0 L L E R  et a l .  (1 9 7 1 .) .  
B e fo r e  commencing the ex p e r im e n t each su b jec t w as  g iven  
some p r a c t ic e  in lo ca t in g  h is  o r  h e r  in te rc u s p a l  p o s it io n .
W a te r  w as  then p ro v id e d  and the su b ject w as  asked  to sip  
and s w a l lo w  a small amount. S e v e r a l  s w a llo w in g  sequences  
w e r e  re c o rd e d  g ra p h ic a l ly .  A t the te rm in a t io n  o f each  
s w a l lo w in g  s eq u en ce , the su b jec t  w as  asked  to c lo s e  his o r  
h e r  teeth  in the in te rc u s p a l  p o s it io n  w ith  the c o i ls  in p la c e .
T h e  pen d e f le c t io n  at th is  p o s it io n  w as an in d ic a t io n  of occ lusa l  
tooth contact in the in te rc u s p a l  p o s i t io n ,  and e s ta b l is h e d  a 
base l in e  fro m  w hich  m easu rem en ts  could be made. A f t e r  
r e c o r d in g  the s w a l lo w in g  sequences  fo r  each p a t ie n t  the  
in s tru m en t w as  c a l ib r a te d  by in s e r t in g  s p a c e rs  of 1 , 2 ,  3 ,  4 ,  
and 5 mm betw een  the c o i ls  in the mouth.
7. 3 M e a s u re m e n t of R e c o rd in g s
In each s w a llo w in g  s eq u en ce , m easu rem en ts  w e r e  made  
of the o cc lu sa l tooth s e p a ra t io n  d u r in g  c l in ic a l  s w a l lo w in g ,  
and the o cc lu sa l tooth s e p a ra t io n  at the te rm in a t io n  of the  
s w a l lo w in g  sequence. M easu rem e n t w as  a lso  made of the  
d u ra t io n  of the o cc lusa l tooth s e p a ra t io n  p r i o r  to s w a llo w in g .  
A s  the r e la t io n s h ip  be tw een  the coil s e p a ra t io n  and the output  
signal is n o n - l in e a r  (F ig .  3 , 5 )  the r e s u l t s  w e r e  p lo tte d  on
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m il l im e t r e  g rap h  p a p e r  and a c a l ib ra t io n  c u rv e  was  
c o n s tru c te d  f o r  each p a t ien t  (F ig .  3 , 6 ) .  By m e a s u r in g  
the d is ta n c e  of the t ra c in g  fro m  the b ase  l in e  at any p o in t ,  
and ap p ly in g  th is  m easurem ent to the c u r v e ,  the amount 
of o cc lu sa l tooth s e p a ra t io n  was d e te rm in ed .
Comment
T h e  tech n iq ue  d e s c r ib e d  w as  u n s u ita b le  f o r  use in 
su b jec ts  w ith  com plete  n a tu ra l  d e n t i t io n s ,  as the p re s e n c e  
of opposing  edentu lous  a r e a s  w e r e  r e q u ir e d  f o r  lo ca tio n  of 
the w a x  r e c o r d  b locks  which c a r r y  the c o i ls .  A c c o rd in g ly  
th is  study on o cc lu sa l tooth contact w as  p e r fo rm e d  on ly  on 
p a r t i a l l y  ed en tu lou s  p a t ie n ts .
It is p o s s ib le  that a techn iq ue  w h e re  w i r e s  p ass  fro m  
the mouth may re s u l t  in d isp lacem e n t of the w ax  r e c o r d  b lock  
and so induce g ro s s  e r r o r s  in the re c o rd in g s .  T h is ,  
h o w e v e r ,  w ould  be dependent upon the w e igh t of the w i r e ,  
and w h e th e r  o r  not any tension  w as being e x e r te d  upon it .
In the p re s e n t  s tu d y ,  l ig h tw e ig h t  w i r e s  of on ly  0. 12 mm in 
d ia m e te r  w e r e  used and w e r e  f r e e  fro m  any d i r e c t  tens ion .
It has been suggested  that when w i r e s  pass be tw een  the l ip s  
they may in i t ia te  abnorm al r e f le x  m echanism s due to th e i r  
contact w ith  the lab ia l  mucosa ( N E I L L  1967). It has been  
n o te d ,  h o w e v e r ,  (C h a p te r  4 *)  that s w a llo w in g  can be  
p e r fo rm e d  in p a t ie n ts  s u f fe r in g  fro m  p a th o lo g ica l co n d it io n s  
and deve lop m en ta l an o m a lies  ( S Y R O P  1953) and is the leas t  
e a s i ly  d is tu rb e d  of a l l  the fu n c tio n s  a s s o c ia te d  w ith
m a s t ic a t io n  ( S I L V E R M A N  1961 ). O nce  the r e f le x  s w a llo w in g  
act is in i t ia te d  it is  not r e a d i ly  suspended by any v o lu n ta ry  
a c tio n  ( S C O T T  and D IX O N  1972). It is th e r e fo r e  u n l ik e ly  
that th e re  w i l l  be any a p p re c ia b le  in te r fe r e n c e  fro m  the 
l ig h tw e ig h t  w i r e s  a ttached  to the r e c o r d  b lo cks .
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T H E  F L U O R O G R A P H IC  S T U D Y
8. 1 D e s c r ip t io n  o f A p p a ra tu s
In f lu o ro g ra p h ic  te c h n iq u e s ,  when a su b ject is  p la c e d
betw een  a s o u rc e  of X - r a y s  and a f lu o re s c e n t  s c r e e n ,  an
image w i l l  be p ro d u ced  on the s c re e n  and may be re c o rd e d
by p h o to g ra p h ic  tech n iq ues . T h e  f lu o r o g ra p h ic  apparatus^
used in the p re s e n t  study em ploys an e le c t r o n ic  image
in te n s i f ie r  which  in c re a s e s  c o n s id e ra b ly  the b r ig h tn e s s  of
the f lu o re s c e n t  s c r e e n ,  r e s u l t in g  in a re d u c t io n  in ra d ia t io n
dosage and p e r m it t in g  the r e c o r d in g  of even ts  on m otion f i lm .
In the p re s e n t  s tu d y , the X - r a y s  p ro d u ced  a r e  c o n v e r te d
into v is ib le  ligh t and the image is photog rap hed  by a
te le v is io n  ca m e ra  w h ich  is b u ilt  into the a p p a ra tu s .  T h e
te le v is io n  p ic t u r e  uses  a 625 l in e  system  and v ie w in g  may
be c a r r i e d  out as the in v e s t ig a t io n  is p e r fo r m e d ,  o r  i f  it
is d e s i r e d  to v ie w  at a la t e r  date  a sequence may be re c o rd e d
2
d i r e c t ly  on to a v id e o ta p e .  By u s in g  a second te le v is io n  
c a m e ra  and in c o rp o ra t in g  a m ix ing  u n i t ,  a s p l i t  s c re e n  fo rm  
may be o b ta in ed  a l lo w in g  s y n c h ro n is e d  ra d io g ra p h ic  and 
v isu a l im ages to be v ie w e d  s im u ltan eo u s ly .  A  d ia g ra m  
i l l u s t r a t in g  the u n its  and conn ectio ns  is  shown in F ig .  3 , 7 .
1 S ie m e n s  (M ed ica l D iv is io n ) ,  E r la n g e n ,  W est G erm an y
2 Model IV C  801 A  : In te rn a t io n a l  V id e o  C o r p o r a t io n $Cal i fo r n ia
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T h e  im age in t e n s i f ie r  un it  is  m obile  w ith  the X - r a y  
tube and the im age in te n s i f ie r  p lus  te le v is io n  c a m e ra  mounted  
on o p p o s ite  ends o f a C  a rm  (F ig .  3 , 8 ) .  T h is  e n s u re s  that  
they a r e  a lw a y s  in a lig nm ent. T h e  m ovable  C a rm  can be 
p o s it io n e d  to r e c o r d  any head v ie w  of the p a t ie n t ,  but fo r  the  
p re s e n t  in v e s t ig a t io n  a h o r iz o n ta l  beam w as used to g ive  a 
la te r a l  v ie w  o f the ja w s .  T h e  ta rg e t  f i lm  d is ta n c e  w as 84 cm.
A  g e n e ra l  v ie w  of the a p p a ra tu s  is shown in F ig .  3 ,  9.
8. 2 P r e p a r a t io n  o f S u b je c ts
S u b je c ts  w e r e  d iv id e d  into th re e  g ro u p s ,  d e n tu lo u s ,  
eden tu lous  (w ithout d e n tu re s )  and edentu lous  w e a r in g  
d e n tu re s .  T h e  c r i t e r i a  of s e le c t io n  w e r e  as d e s c r ib e d  in 
C h a p te r  6. S u b je c ts  w e r e  ad v ised  r e g a r d in g  the fo rm  of the 
in v e s t ig a t io n ,  and a ll  w e r e  v o lu n te e rs .
D e n tu lo u s  S u b je c ts
A lthough  m easu rem en ts  may be made fro m  anatom ical  
re fe r e n c e s  on the fa c ia l  s k e le to n ,  add it io na l r e fe r e n c e s  fo r  
den tu lo us  s u b je c ts  w e r e  p ro v id e d  by lead p e l le ts  a t tach ed  to 
the teeth  ( N E V A K A R I  1956 ). T h e s e  p e l le ts  w e r e  a p p ro x im a te ly  
2 mm in d ia m e t e r ,  and w e r e  a ttach ed  b u c c a l ly  in the i n t e r -  
p ro x im a l re g io n  b etw een  the r ig h t  p r e m o la r  te e th ,  and  
la b ia l ly  in the in te rp ro x im a l  re g io n  be tw een  the c e n tra l
3
in c is o r  tee th  in both m and ib le  and m a x i l la ,  u s ing  soft w ax .
3 " D e n t in a "  r ib b o n  w a x  : B ro w n in g s ' D enta l S u p p ly  Co. L td .  ,
H u l l .
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C a r e  w as  taken  to e n s u re  that th e re  was no in t e r fe r e n c e
w ith  the o c c lu s io n .  D en tu lo u s  sub jec ts  w e r e  a lso  in s t ru c te d
in tooth c lo s u re  in the in te rc u s p a l po s it io n  and w e r e  g iven
some p r a c t ic e  in i ts  lo ca t io n . T h e  in te rc u s p a l  po s it io n
could then be r e c o r d e d  on the ra d io g ra p h ic  sequence and
used as a r e fe r e n c e  fo r  m easu rem en ts .
E d e n tu lo u s  S u b je c ts
A s  all m easu rem en ts  fro m  edentu lous  s u b jec ts  w e r e
made f ro m  anatom ical r e fe r e n c e s  on the fa c ia l  s k e le to n ,  no
p r e p a r a t io n  o f  these  su b jec ts  w as re q u ir e d .
E d en tu lo u s  S u b je c ts  w e a r in g  D e n tu re s
A s  it w as  d e s ire d  to in v e s t ig a te  such su b jec ts  w e a r in g
d e n tu re s  at a v e r t ic a l  d im ension  of o cc lu s io n  to which  they
had becom e a ccu s to m ed , and a lso  at a red u ced  v e r t ic a l
d im en s ion  o f  o c c lu s io n ,  it w as  n e c e s s a ry  to d u p lic a te  th e i r
p re s e n t  d e n tu re s .  D u p l ic a te s  w e r e  p r e p a r e d  by p o u r in g  
4
f lu id  a c r y l i c  r e s in  into a mould of h y d ro c o l lo id  d u p lic a t in g
m a t e r i a l ,  w h ich  had been p r e p a r e d  fro m  th e i r  p re s e n t  d e n tu re .
T h e  m ou ld , p lu s  r e s in ,  w as  then p la c e d  in a p r e s s u r e  v e s s e l .
P o ly m e r is a t io n  of the r e s in  w as  ac h ie v e d  at room te m p e ra tu re
2
u n d e r  a p r e s s u r e  o f 25  lb s / i n  f o r  35 m inutes ( R A L P H  and  
P A U L  1972 ).  T w o  d u p l ic a te  se ts  of d e n tu re s  w e r e  c o n s tru c te d  
f o r  each  s u b jec t .
Both  se ts  of d u p l ic a te  d e n tu re s  w e r e  then mounted in 
4 P o u r / C u r e  : C oe  L a b o r a t o r ie s  Inc. , C h icago .
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the in te rc u s p a l  p o s it io n  on an a r t i c u la t o r .  ^ On one set the 
o cc lu sa l s u r fa c e s  and inc isa l edges w e r e  redu ced  until a 
space o f 3 mm w as p re s e n t  betw een  the occ lusa l s u r fa c e s  
as m e a s u re d  by a spac ing  shim. In both u p p er  and lo w e r  
d e n tu re s  lead  p e l le ts  w e r e  p laced  in te rp ro x im a l  ly betw een  
the p r e m o la r  and c e n tra l  in c is o r  teeth  f o r  r e f e r e n c e  p u rp o s e s .  
T h u s  each  su b jec t  had p r e p a r e d  d e n tu re s  at both accustom ed  
and re d u c e d  v e r t ic a l  d im ensions  of occ lu s io n .
8. 3 P r o c e d u r e
E a c h  sub jec t  w as s e a te d ,  and the head so po s it io n ed
that the m edian p la n e  of the head w as  at r ig h t  an g les  to the
C e n tra l  X - r a y  beam (F ig .  3 , 1 0 ) .  T h is  a l lo w e d  a la te r a l  ja w
r e c o rd in g .  A s  r e p e t i t io n  of r e c o r d in g s  w as not r e q u ir e d  f o r
c o m p a ra t iv e  m e a s u re m e n ts ,  and as it is  p r e f e r a b le  to have  the
head p o s it io n  in n a tu ra l  b a lan ce  f o r  la te ra l  p ro je c t io n s  of
ii
fu n c tio n a l m ovem ents (B J O R K  1 9 5 4 ,  C L E A L L  1 9 6 5 ) ,  no 
c e p h a lo s ta t  w as  used. L a t e r a l  movement of the head w as  
c o n tro l le d  by p la c in g  the la te r a l  s u r fa c e  of the fa c e  aga ins t  
the f la t  s u r fa c e  o f the housing of the image in te n s ify in g  
a p p a ra tu s  ( F ig .  3 , 1 0 ) .  B e fo r e  comm encing each r e c o rd in g  
a t r ia l  e x p o s u re  w as  p e r fo rm e d  to a s ses s  the p o s it io n  o f  the  
head and c la r i t y  of the image. A s  the image d en s ity  was  
in f lu e n c e d  by the m o rp h o lo g ica l f e a tu r e s  of the s u b je c t ,  the  
e x p o s u re  fa c t o r s  w e r e  m o d if ied  to ob ta in  the best image.
5 G ib l in g  B r o s .  P a te n t  3 1 3 6 3 /4 9  : J. F ie ld in g  Co. L td .  ,
S y d n e y ,  A u s t r a l i a .
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T h e  most common e x p o s u re  fa c to r s  w e r e  75 k V  and 
1 . 8 mA.
A ll  su b je c ts  w e r e  in fo rm ed  that they would be 
p ro v id e d  w ith  w a te r  and would  be asked  to sip a small amount 
and s w a l lo w  it .  T h e y  w e r e  not adv ised  of the p r e c is e  p u rp o se  
of the in v e s t ig a t io n .  S w a l lo w in g  was by command, and s ix  
sequences w e r e  re c o rd e d  f o r  each su b ject. D en tu lou s  
s u b jec ts  and edentu lous  su b jec ts  w e a r in g  d e n tu re s  w e r e  told  
to b r in g  t h e i r  teeth  to g e th e r  in the in te rc u s p a l  p o s it io n  b e fo re  
com m encing the s w a llo w in g  sequences . T h is  p ro v id e d  a 
r e f e r e n c e  f o r  m easu rem en ts . E d en tu lo u s  su b jec ts  w e r e  asked  
to " r e l a x "  b e fo re  commencing the sequences.
E a c h  sequence w as  v ie w e d  d i r e c t ly  on the te le v is io n  
m o n ito r  and s im u lta n e o u s ly  re c o rd e d  on v id e o ta p e  f o r  la t e r  
a n a ly s is .
8. 4 M ethods of A n a ly s is
T h e  re c o r d in g s  on the v id e o ta p e  w e r e  su b jec ted  both 
to v isu a l a n a ly s is  and m easu rem ent a n a ly s is .
8. 4. 1 V is u a l  A n a ly s is
T h is  w as r e s t r ic t e d  to the assessm ent of the p re s e n c e  
o r  absence  of o cc lusa l tooth contact d u r in g  s w a l lo w in g  
sequences  fro m  den tu lo us  su b jec ts .  Such contact w as  
assum ed to be p re s e n t  on ra d io g ra p h ic  s u p e r im p o s it io n  of 
the cusps of opposing  p r e m o la r  and m o la r  teeth . E ach  
seq uen ce  w as  v ie w e d  s e v e ra l  t im es.
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8. 4 . 2 M e a s u re m e n t  A n a ly s is
D i r e c t  m easu rem ent fro m  the v id e o ta p e  was im p o s s ib le ,
and t h e r e f o r e  each sequence w as f i lm ed  fro m  the te le v is io n
m o n ito r  on 35 mm fa s t  p a n c h ro m a tic  f i lm  using  a c a m e ra  w ith
a f i lm  speed of 3 f ra m e s  p e r  second. A  f r a m e  a n a ly s is  was
p e r fo rm e d  and in o r d e r  to obta in  m ore  d e ta i le d  m e a s u re m e n ts ,
p r in t s  w e r e  made fro m  re le v a n t  f ra m e s  us ing  Kodak E k ta m a t ic
P a p e r  G ra d e  2 ,  des ig ned  f o r  use w ith  an au tom atic  p ro c e s s in g  
7
m ach ine . T h e  m a jo r i ty  o f m easu rem en ts  w e r e  r e la t iv e  to
m easu rem en ts  at a r e f e r e n c e  p o s i t io n ,  but w h e re  abso lu te
v a lu e s  w e r e  r e q u i r e d  these w e r e  c a lc u la te d  by r e f e r e n c e  to
c o r r e c t io n  fa c t o r s  d e te rm in e d  f o r  a dentu lous skull p o s it io n ed
w ith  the p re m o la r  teeth  at known d is ta n c e s  fro m  the
in te n s ify in g  s c re e n  (C h a p te r  10).
R e fe r e n c e  l in e s  fro m  w hich  m easurem en ts  could  be
ii
made w e r e  based on those suggested  by B J O R K  and P A L L I N G  
(1 9 5 5 ) .  F o r  re a s o n s  o f  a c c u ra c y  and c la r i t y  h o w e v e r  some 
m o d if ic a t io n s  w e r e  c o n s id e re d  d e s i r a b le  in the p re s e n t  study. 
T h e  r e f e r e n c e  l in e s  used  a r e  shown in F ig .  3 ,1 1  and a r e  
d es ig n a ted  as fo l lo w s  :
N L  -  T h e  nasal l in e  w hich  passes  through  the
ju n c t io n  of the compact bone of the a n t e r io r  
p a r t  o f the h a rd  p a la te  and the f lo o r  of the  
nose (po in t X )  and the p te ry g o m a x il  l a r e  (pm).
6 N ik o n  F .  , N ipp on  K o g a k u , T o k y o ,  Japan
7 K od ak A u t o - P r o c e s s o r  Model Q  14 : Kodak L td .  , London .
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T h e  la t t e r  point re p r e s e n ts  the p o s t e r io r  
co n to u r  o f the m a x i l la  w h e re  it in te rs e c ts  
the con tour of the h a rd  p a la te .
M L  -  T h e  m a n d ib u la r  l in e  w h ich  is at a tangent
to the lo w e r  b o rd e r  of the m andib le .
A B  -  T h e  l in e  jo in in g  the upperm ost b o rd e r  of
the lead  p e l le ts  a ttached  to the m a x i l la r y  
teeth .
C D  -  T h e  l in e  jo in in g  the lo w erm o st b o r d e r  of
the lead  p e l le ts  a ttach ed  to the m an d ib u la r  
teeth .
T h e  p o in ts  fro m  w hich  these l in e s  w e r e  co n s tru c te d  
w e r e  o b ta ined  by p ie r c in g  the f i lm  n e g a t iv e  w ith  a p in  
b e fo re  p r in t in g .  T h is  r e s u l te d  in the a p p e a ra n c e  on the  
p r in t  of a w e ll  de f ined  b lack  spot su rro u n d e d  by a w h ite  
halo . T h e  amount o f e r r o r  r e s u l t in g  fro m  the p u n c tu re  of a 
f i lm  in th is  m an ner has been es tim a ted  at 0 . 0 5  mm 
( N E V A K A R I  1956 ).  T h e  p o in ts  w e r e  then jo in e d  by l in e s  
0. 1 mm th ic k .
F r o m  these  r e f e r e n c e  l in e s  m easu rem en ts  w e r e  made  
as fol low s  
D e n tu lo u s  su b je c ts
(i)  f ro m  the u p p e r  lead  p e l le ts  p e r p e n d ic u la r ly  to the l in e  
C D ,
( i i )  f ro m  the a n t e r io r  lo w e r  lead  p e l le t  to the po in t w h e re  
a p e r p e n d ic u la r  f ro m  the p o s t e r io r  u p p e r  lead  p e l le t  
in te r s e c te d  the l in e  C D .
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E d e n tu lo u s  su b jec ts
(i)  f ro m  p o in t X  p e r p e n d ic u la r ly  to the m a n d ib u la r  l in e .
( i i )  f ro m  p o in t  X  to the po in t w h e re  a l in e  p e rp e n d ic u la r
to the nasal l in e ,  and p a ss in g  through point X ,  
in te r s e c te d  the m a n d ib u la r  l in e .
E d e n tu lo u s  su b je c ts  w e a r in g  d e n tu re s
(i)  f ro m  the u p p er  lead  p e l le ts  p e rp e n d ic u la r ly  to the
nasal l in e
( i i )  f ro m  the lo w e r  lead  p e l le ts  p e rp en d icu l a r l  y to the
m a n d ib u la r  l in e
( i i i )  f ro m  the u p p er lead  p e l le ts  p e r p e n d ic u la r ly  to the  
I ine  C D
(iv )  f ro m  the a n t e r io r  lo w e r  lead  p e l le t  to the point w h e re  
the p e rp e n d ic u l  a r  f ro m  the p o s t e r io r  u p p e r  lead  p e l le t  
in te rs e c te d  the l in e  C D .
A ll  m easu rem en ts  w e r e  made us ing  the b lad es  o f a 
c a l ip e r  gauge w ith  a v e r n ie r  s c a le  c a l ib ra te d  to 0. 1 mm 
(F ig .  3 , 1 2 ) .
8. 5 Comment
T h e  tech n ique  d e s c r ib e d  is s u ita b le  f o r  use w ith  both  
den tu lou s  and ed en tu lo u s  su b jec ts .  T h e  v id eo  re c o rd in g  
p e rm its  the in v e s t ig a to r  an a p p re c ia t io n  of the co m p le te  
ra n g e  o f m ovem ent, w h i ls t  a f ra m e  a n a ly s is  o f the f i lm e d  
r e c o r d in g  p e rm its  m easu rem en ts  to be made at any d e s ire d  
stag e  in the sequence . A s  the p r e c is e  n a tu re  of the study  
w a s  r e la t e d  to the exam in a t io n  o f the leve l o f  ja w  s e p a ra t io n
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im m e d ia te ly  p r i o r  to s w a l lo w in g ,  and as  th is  s e p a r a t io n  has  
been quo ted  a s  b e in g  m a in ta in e d  f o r  a p p r o x im a t e ly  1 seco n d  
( B R E W E R  1963 )  and an a v e r a g e  of 0 . 8  se c o n d s  ( L A I R D  1 9 7 2 ) ,  
a f i lm  t r a n s p o r t  sp eed  o f  3 f r a m e s  p e r  secon d  w a s  c o n s id e r e d  
a d e q u a te .
It  h a s  been s u g g e s te d  ( N E V A K A R I  1956 ) th a t  in a s tudy  
such as  th is  it  is  a d v a n ta g e o u s  to f i lm  both c o ro n a l  and s a g i t ta l  
p la n e s .  S u c h  e x p o s u r e s  h o w e v e r ,  m ust n e c e s s a r i l y  be  m ade  
s im u l ta n e o u s ly  to p r o v id e  a b s o lu te  c o m p a r is o n .  T h i s  w a s  not  
p o s s ib le  w ith  th e  eq u ip m e n t a v a i la b le .  It  w a s  a ls o  c o n s id e r e d  
th a t  s u p e r im p o s i t io n  o f  a n a to m ic a l  s t r u c t u r e s  in a f r o n t a l  v ie w  
w o u ld  c r e a t e  p r o b le m s  in d ia g n o s is  w ith  s u b s e q u e n t  in c r e a s e  in  
e r r o r  and m e r i t e d  a s e p a r a t e  s tu d y . A c c o r d in g ly  in v e s t ig a t io n s  
h a v e  b een  r e s t r i c t e d  to e x p o s u r e s  in a s a g i t ta l  p la n e  as  
s u g g e s te d  by B J O R K  (1 9 5 4 ) .  S a t i s f a c t o r y  im a g e s  f ro m  th is  
a p p a r a tu s  w e r e  o b ta in e d  w i th  r a d ia t io n  le v e ls  o f  5 - 1 5  
mil I i r o e n t g e n s /s e c o n d  to the  s k in  s u r f a c e  n e a r e s t  th e  X - r a y  
tub e . T h is  m eant th a t  v ie w in g  f o r  a p p r o x im a te ly  20  se c o n d s  
r e s u l t e d  in a r a d i a t io n  d o s e  s i m i l a r  to th a t r e q u i r e d  f o r  a 
d en ta l p e r i a p ic a l  f i lm  ( M A S O N  and D A V I S O N ,  1 9 7 2 ) .  T h e  
to ta l f i lm in g  f o r  each  s u b je c t ,  in c lu d in g  t r i a l  e x p o s u r e s ,  d id  
not e x c e e d  4 5  s e c o n d s ,  and the  r a d ia t io n  d o s e  w a s  t h e r e f o r e  
w e l l  w i th in  s a fe ty  l im i t s  ( S M I T H  and H E I G H W A Y  1 9 6 9 ) .
F o r  d e n tu lo u s  s u b je c ts  and e d e n tu lo u s  s u b je c ts  w e a r in g  
d e n t u r e s ,  th e  r e f e r e n c e s  f ro m  w h ic h  m e a s u re m e n ts  w e r e  m ade
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p e r m i t t e d  c a lc u la t io n  o f the d e g r e e  o f  o c c lu s a l  tooth  c o n ta c t  
d u r in g  s w a l lo w in g  by c o m p a r is o n  w ith  s i m i l a r  m e a s u r e m e n ts  
taken  in the  in te r c u s p a l  p o s i t io n .  F o r  e d e n tu lo u s  s u b je c ts ,  
j a w  s e p a r a t io n  d u r in g  s w a l lo w in g  cou ld  be  m e a s u re d  and  
c o m p a re d  w i th  the e x te n t  o f  j a w  s e p a r a t io n  in the ' • r e la x e d 11 
p o s i t io n  p r i o r  to the  com m encem en t o f the  in v e s t ig a t io n .  In 
a d d i t io n ,  f o r  e d e n tu lo u s  s u b je c ts  w e a r in g  d e n tu r e s  the  
d is ta n c e s  f ro m  the  le a d  p e l l e t s  to the  r e s p e c t iv e  n a s a l  and  
m a n d ib u la r  l in e s  w hen  c o m p a re d  w i th  th o s e  a t th e  in te r c u s p a l  
p o s i t io n  g a v e  an in d ic a t io n  o f  v e r t i c a l  d is p la c e m e n t  o f  the  
d e n t u r e s  d u r in g  th e  s w a l lo w in g  se q u e n c e .
B oth  v is u a l  and m e a s u re m e n t  a n a ly s is  o f  th e  r e c o r d in g s  
w e r e  s u b je c te d  to a d o u b le  d e t e r m in a t io n  a s s e s s m e n t ,  the  
r e s u l t  o f w h ic h  is  r e p o r t e d  in C h a p t e r  12. P r o d u c t io n  of  
s u i ta b le  n e g a t iv e s  and  p r i n t s  f o r  a f r a m e  a n a ly s is  p r o v e d  
to be a c o m p l ic a te d  e x e r c i s e ,  and th e  p ro b le m s  e n c o u n te re d  
and th e  m e th o d s  d e v e lo p e d  a r e  d is c u s s e d  in A p p e n d ix  B .
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S T A T I S T I C A L  A N A L Y S I S
9. 1 In t r o d u c t io n
A lth o u g h  d i f f e r e n c e s  and s i m i l a r i t i e s  b e tw e e n  r e s u l t s  
may a p p e a r  o b v io u s ,  f o r  c o m p le te  in t e r p r e t a t io n  o f them  it is  
n e c e s s a r y  to p e r f o r m  a s t a t is t ic a l  a n a ly s is .  In th e  p r e s e n t  
study such an a n a ly s is  has been  u sed  to c o m p a re  r e s u l t s  w ith  
th ose  o f  o t h e r  w o r k e r s  and in som e c a s e s  w ith  th e o r e t ic a l  
p r e d ic t io n s .  It  can be m ade c l e a r  t h e r e f o r e  w h e t h e r  any  
r e la t io n s h ip  b e tw e e n  r e s u l t s  h as  o c c u r r e d  m e r e ly  by c h a n c e ,  
o r  w h e t h e r  it  is  r e a l  and s ig n i f i c a n t ,  and thus  can  be  
e x p e c te d  to o c c u r  a g a in  u n d e r  s i m i l a r  e x p e r im e n ta l  c o n d i t io n s .
9. 2 S ym b o l s
T h e  fo l lo w in g  s y m b o ls  h a v e  b een  u s e d  in th e  s t a t is t ic a l  
a n a ly s is .
n T h e  n u m b e r  o f  o b s e r v a t io n s  in a s a m p le .
X  T h e  v a r i a b l e
X  T h e  a r i t h m e t ic  m ean  o r  a v e r a g e  o f  o b s e r v a t io n s .
2  In d ic a te s  sum m atio n  o f  d a ta
S  T h e  s ta n d a r d  d e v ia t io n  o f  a s a m p le
t A  n o r m a l ly  d is t r i b u t e d  d e v ia te  e x p r e s s e d  in u n i ts  o f
s ta n d a r d  d e v ia t io n .  U s e d  in c a lc u la t io n s  in v o lv in g  
m e a s u re m e n t  d a ta .
• ts Z7C C h i - s q u a r e d .  U s e d  in c a lc u la t io n s  in v o lv in g
e n u m e r a t io n  d a ta ,  
p P r o b a b i l i t y
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9. 3 S t a t i s t i c a l  M e th o d s
T h e  s ta t is t ic a l  m ethods used  in th is  s tu d y  w e r e  
s ta n d a r d  ones  c o n ta in e d  in most te x tb o o k s  on the  s u b je c t .  
P a r t i c u l a r  r e f e r e n c e  has  b een  m ade to B I S H O P  ( 1 9 6 6 ) ,  
H I L L  (1 9 6 7 )  and M O R O N E Y  (1 9 6 8 ) .  T h e  d a ta  a v a i la b le  
f o r  a n a ly s is  w e r e  both  e n u m e ra t io n  d a ta  and m e a s u re m e n t  
d a ta .  E a c h  o f th e s e  r e q u i r e d  d i f f e r e n t  m eth od s  o f a n a ly s is .
9. 3. 1 E n u m e r a t io n  D a ta
T h e  s ta t is t ic a l  m ethod u s e d  in th e  a n a ly s is  of  
e n u m e ra t io n  d a ta  w a s  th e  X Z (C h i s q u a re d )  te s t .  U s in g  th is  
tes t  d a ta  c o u ld  be c o m p a re d  w i th  r e s u l t s  o f o t h e r  w o r k e r s ,  
o r  s u b d iv id e d  (e .  g. a c c o r d in g  to ag e  o r  sex ) and f u r t h e r  
c o m p a r is o n s  m ade. T h e  r e s u l t s  o f  such  an a n a ly s is  g iv e  
an in d ic a t io n  o f the  s ig n i f ic a n c e  o f  d i f f e r e n c e  o r  s i m i l a r i t y  
b e tw e e n  g ro u p s  o f  d a ta  c o m p a re d .
W h en  c o m p a r in g  tw o s e ts  o f  e n u m e ra t io n  d a t a ,  the  
f o l lo w in g  f o r m u la  may be u s e d  :
/ y 2  _ (ad  -  b c )^  (a + b + c + d )
(a+b ) (c+ d )  (a + c )  (b+d)
w h e r e  a ,  b ,  c ,  and d a r e  the  n u m b e rs  f a l l i n g  in to  each
g ro u p .  H o w  th is  f o r m u la  is  u s e d  is  g iv e n  in the  f o l lo w in g
e x a m p le  :
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N o . o f s u b je c ts
T  ooth  
C o n ta c t
N o  T o o th  
C o n ta c t T O T A L
G ro u p  1 a c a + c
G ro u p  II b d b + d
T o ta l a + b c + d a + b + c + d
I f  the  n u m b e rs  in v o lv e d  a r e  r e l a t i v e l y  sm all a s  in 
the  p r e s e n t  s tu d y ,  Y a t e s '  c o r r e c t i o n  is  a p p l ie d  to the  
fo r m u la  as  s u g g e s te d  by H I L L  (1 9 6 7 ) .  T h e  e x a c t  fo r m u la  
u sed  in the s tu d y  w a s  t h e r e f o r e
X2 = [ a d - b c - ^  (a + b + c + d )}^  (a + b + c + d )  
(a + b ) (c + d ) (a + c ) (b + d )
F r o m  the  v a lu e  of X 4 , a p r o b a b i l i t y  v a lu e  (p) 
c o u ld  be o b ta in e d  by r e f e r e n c e  to th e  t a b le  o f  % * ( F I S H E R  
and Y A T E S  1 9 6 3 ) .  F r o m  th e  p v a lu e  the  le v e l  o f  
s ig n i f ic a n c e  w a s  d e t e r m in e d  a s  f o l lo w s  :
I f  p <  . 0 5  the  r e s u l t s  w e r e  te r m e d  as  p r o b a b ly  s ig n i f ic a n t .
I f  p ^  .0 1  th e  r e s u l t s  w e r e  te rm e d  as s ig n i f ic a n t
I f  p ^  . 001 the  r e s u l t s  w e r e  te rm e d  as  h ig h ly  s ig n i f ic a n t .
9. 3. 2 M e a s u r e m e n t  D a ta
T h e  a n a ly s is  o f  m e a s u re m e n t  d a ta  w a s  p e r f o r m e d  to  
d e t e r m in e  m ean v a l u e s ,  s ta n d a r d  d e v ia t io n s  and the  
s ig n i f i c a n c e  o f  d i f f e r e n c e  b e tw e e n  m eans  in d i f f e r e n t  g ro u p s .
T h e  s ta n d a r d  d e v ia t io n  w a s  d e te r m in e d  f r o m  the
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f o l lo w in g  f o r m u la  :
S S(x - x )2
n -  1
w h e r e  the  sum o f the  s q u a r e s  o f  th e  d e v ia t io n s  f ro m  the  m ean  
is  d iv id e d  by n -  1 and not n. A s  th e  s t a n d a r d  d e v ia t io n  is  
an e s t im a te  f o r  the  v a r i a b i l i t y  o f o b s e r v a t io n s  in the  
p o p u la t io n ,  d iv is io n  by n -  1 in s te a d  o f n r e s u l t s  in a b e t t e r  
e s t im a te  ( H I L L  1 9 6 7 ) .
C o m p a r is o n  o f the  m ean s  o f  d i f f e r e n t  g ro u p s  w a s  
p e r f o r m e d  by u s in g  the  d is t r ib u t io n  o f  t f ro m  th e  f o l lo w in g  
f o r m u la  :
_ d e v ia t io n  o f  the  d i f f e r e n c e  o f the  m e a n s ,  f r o m  z e r o  
s ta n d a r d  d e v ia t io n  o f  the  d i f f e r e n c e  o f  m ean s
F r o m  the  v a lu e s  o f  t a v a lu e  o f  p can be  c a lc u la te d  to 
d e m o n s t r a te  th e  s ig n i f i c a n c e  o f  th e  r e s u l t s .
A l l  s t a t is t i c a l  c a lc u la t io n s  w e r e  done on a d e s k  top 
c o m pu ter^  w h ic h  w a s  p r o g r a m m e d  to g iv e  m e a n s ,  s t a n d a r d  
d e v ia t io n s ,  t v a lu e s  and v a lu e s  o f  p c a lc u la t e d  f ro m  t.
9. 4  C a l cul a t io n s
9 1 0 0 A  C a l c u l a t o r  : H e w le t t  P a c k a r d  L t d .  , S lo u g h ,  B u c k s .
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I N T R O D U C T I O N
In a l l  in v e s t ig a t io n s  s t a n d a r d is a t io n  of te c h n iq u e s  and  
eq u ip m en t is  d e s ig n e d  to e l im in a te  o r  m in im is e  e r r o r .  S o m e  e r r o r s  
h o w e v e r ,  a r e  u n a v o id a b le  such as  th o se  kno w n  to be p r e s e n t  in 
r e c o r d in g  in s t r u m e n ts .  F o r  c o m m e rc ia l  r e a s o n s  th e s e  a r e  s ta te d  
in o p e r a t in g  in s t r u c t io n s  and a r e  u s u a l ly  s m a l l .  O t h e r  p o te n t ia l  
e r r o r s  a r e  p r e s e n t  in m a t e r i a ls  u s e d ,  te c h n iq u e s  e m p lo y e d ,  and  
m ethods o f  a n a ly s is .  W h i ls t  som e o f  th e s e  may be e l im in a te d  
o r  re d u c e d  by u s in g  re c o m m e n d e d  m a n ip u la t iv e  te c h n iq u e s ,  o t h e r s  
r e q u i r e  in v e s t ig a t io n  in o r d e r  to d e t e r m in e  the p o s s ib le  e f fe c t  on  
re s u l  ts .
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C H A P T E R  10 
E r r o r s  in In s t ru m e n ts
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E R R O R S  IN  I N S T R U M E N T S
1 0 .1  I n t r a - o r a l  T r a n s m i t t in g  A p p a r a t u s
A  c i r c u i t  d ia g r a m  o f  the  t r a n s m i t t in g  a p p a r a tu s  is  
shown in F i g .  4 , 1 .  T h e  output o f the  o s c i l  l a t o r  is  a f fe c te d  
by the  p r i m a r y  and s e c o n d a ry  c o i ls .  T h e  p r im a r y  co il  has  
an in d u c ta n c e  o f  about 8^*tH w h ic h  o f f e r s  an im p e d a n c e  of  
about 1 1 0 at 3 M H z .  , w h ic h  c a u s e s  the ou tpu t v o l ta g e  of  
the o s c i l l a t o r  to d ro p .  T h e  input im p e d a n c e  o f the  a m p l i f i e r  is  
so l a r g e ,  h o w e v e r ,  (ab ou t 7 k J l ) and the c o u p l in g  so lo o s e ,  
that the o s c i l l a t o r  ou tpu t d ro p s  o n ly  ab out 5%  w hen  the c o i ls  
a r e  b ro u g h t  in to  c o n ta c t .  T h e  lo a d in g  e f f e c ts  re m a in  c o n s ta n t  
f o r  each  c o m b in a t io n  of c i r c u i t  and t r a n s d u c e r  c o i ls .
F o r  e a c h  c o m p le te  s y s te m ,  d r i f t  o f  p e a k - t o - p e a k  ou tpu t  
c u r r e n t  ( f o r  the o s c i l l a t o r )  and the  a m p l i f ic a t io n  f a c t o r  o f  the  
a m p l i f i e r  a r e  a f fe c te d  by the su p p ly  v o l ta g e  and the  t e m p e r a t u r e  
at w h ic h  the  in s t ru m e n t  is  u s e d .
T h e  su p p ly  v o l ta g e  o f  12 v o l t s  w a s  p r o v id e d  by two  
PP1 b a t t e r i e s  c o n n e c te d  in s e r i e s .  T h e s e  h a v e  a l i f e  o f  2 0 0  
h o u rs  down to 9 v o l t s  and the  d r i f t  o f v o l t a g e  w i th  t e m p e r a t u r e  
is  n e g l ig ib le  (0 .  0 0 0 4 8  v o l t s / ° C ) .  W ith  a su p p ly  v o l ta g e  o f  9 
v o l ts  the  o s c i l l a t o r  c u r r e n t  and v o l ta g e  o u tp u t is  60%  o f  th a t  
o b ta in e d  w i th  a 12 v o l t  s u p p ly .  A  d e c r e a s e  in the  
a m p l i f ic a t io n  f a c t o r  a ls o  o c c u r s  and th e  to ta l o u tp u t  o f  the  
sys tem  is  down by about 6 0 % .  T h e r e f o r e  u s in g  a su p p ly  
v o l t a g e  o f  tw o PP1 b a t t e r i e s  in s e r i e s  w o u ld  r e s u l t  in a s y s te m  
o u tp u t  d r i f t  o f  o n ly  -  0 . 3% p e r  h o u r .
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A t  t e m p e r a tu r e s  b e tw e e n  0 ° C  and 2 0 ° C  the d e c r e a s e  
in a m p l i f ic a t io n  f a c t o r  is  co m p e n s a te d  f o r  by an i n c r e a s e  in  
o s c i l l a t o r  o u tp u t .  B e tw e e n  2 0 ° C  and 5 0 ° C  the  a m p l i f ic a t io n  
f a c t o r  d e c r e a s e s  by 2% w h i le  the o s c i l l a t o r  ou tp u t r e m a in s  
c o n s ta n t .  T h e  sys tem  is  t h e r e f o r e  s ta b le  w i th in  2%  b e tw e e n  
O o c  and 5 0 ° C .  T h e  c o m p le te  sy s te m  is  not a b s o lu t e ,  and is  
d e s ig n e d  f o r  c a l ib r a t i o n  a f t e r  each  r e c o r d in g  u s in g  s p a c in g  
sh im s  of know n d im e n s io n s .
1 0. 2 T h e  P o t e n t i o m e t r i c  R e c o r d e r
A c c o r d in g  to the l i t e r a t u r e  p r o v id e d  by th e  m a n u f a c t u r e r  
the a c c u r a c y  o f  the  r e c o r d e r  is  -  0 .  5% o f  the fu l l  s c a le  v a lu e .
T h e  m axim um  ja w  s e p a r a t io n  w h ic h  w a s  r e c o r d e d  w a s  5 m m ,  
thus r e s u l t in g  in a p o s s ib le  e r r o r  o f  ^ 0 . 0 2  mm. T h e  n o rm a l  
fu l l  s c a le  d e f le c t io n  w a s  a c h ie v e d  in 1 seco n d  (pen  r e s p o n s e  s p eed  
of 2 0 0  m m /s e c o n d )  and u n d e r  th e  w o r s t  c o n d i t io n s  w a s  a c h ie v e d  
in 1. 5 s e c o n d s  (pen re s p o n s e  sp eed  o f  133  m m /s e c o n d ) .
1 0 . 3  T h e  F l u o r o g r a p h i c  A p p a r a tu s
W h e r e  a b s o lu te  v a lu e s  w e r e  r e q u i r e d  f ro m  the  
m e a s u re m e n t  a n a l y s i s ,  it  w a s  n e c e s s a r y  to d e t e r m in e  the  
d e g r e e  o f  r e d u c t io n  o r  e n la rg e m e n t  o f  the r a d io g r a p h ic  im ag e .
T h e  p h o to g r a p h ic  te c h n iq u e s  u s e d  (A p p e n d ix  B ) e n s u r e d  a 
s ta n d a rd  r e d u c t io n  o f im ag e  s iz e .  A  c o r r e c t i o n  f a c t o r  co u ld  
t h e r e f o r e  be d e te r m in e d  w h ic h  w o u ld  be  a p p l ic a b le  to any  
m e a s u re m e n t  v a lu e .
T h e  c o r r e c t i o n  f a c t o r  w a s  c a lc u la t e d  in the  f o l lo w in g  
m a n n e r .  A  d e n tu lo u s  human s k u l l  w a s  p o s i t io n e d  f o r  a t r u e  
l a t e r a l  r a d io g r a p h  at a kno w n  d is ta n c e  f ro m  the  h o u s in g  o f
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the im ag e  in te n s i fy in g  a p p a r a tu s  ( F ig .  4 , 2 ) .  L e a d  p e l l e t s  
w e r e  a t ta c h e d  to the  m a x i l la  and m a n d ib le  in t e r p r o x im a l  ly  
b e tw e e n  the p r e m o la r  te e th  and in t e r p r o x im a l  ly b e tw e e n  the  
c e n t r a l  in c is o r s .  T h e  d is ta n c e  b e tw e e n  the p e l l e t s  in each  
s i tu a t io n  w a s  d e te r m in e d  u s in g  a c a l i p e r  gaug e  w i th  a v e r n i e r  
s c a le .  A  r a d io g r a p h ic  e x p o s u r e  w a s  m ade and f ro m  the  len g th  
m e a s u re m e n ts  b e tw e e n  the  le a d  p e l l e t s  on the  r e s u l t a n t  im ag e  
and the  m e a s u r e d  le n g th s  on the  sku ll  , a c o r r e c t io n  f a c t o r  
w a s  c a lc u la te d .
In th e  in v e s t ig a t io n  o f  human s u b je c t s ,  h o w e v e r ,  the  
m a n d ib le  and m a x i l l a  w e r e  s e p a r a te d  f ro m  the  h o u s in g  o f  th e  
im age i n t e n s i f i e r  by the  so ft  t is s u e s  o f the  f a c e .  A c c o r d in g  
to th e  t h ic k n e s s  o f  th e s e  t i s s u e s ,  th is  r e s u l t s  in a v a r i a b l e  
o b j e c t - f i l m  d is ta n c e  w h ic h  w i l l  a f fe c t  th e  s i z e  o f the r e s u l t a n t  
im age . F o r  each  o b je c t  -  f i lm  d is ta n c e  t h e r e f o r e  a s e p a r a t e  
c o r r e c t io n  f a c t o r  a p p e a r e d  n e c e s s a r y .
T h e  v a r i a t i o n  in c o r r e c t i o n  f a c t o r s  f o r  d i f f e r e n t  o b je c t  -  
f i lm  d is ta n c e s  w a s  d e te r m in e d  by m a k in g  r a d io g r a p h ic  e x p o s u r e s  
of the d e n tu lo u s  s k u ll  p o s i t io n e d  at 4 0 ,  50  and 60 m m ,  
r e s p e c t i v e ly  f r o m  the h o u s in g  o f the in t e n s i fy in g  a p p a r a tu s .  
C o r r e c t i o n  f a c t o r s  w e r e  c a lc u la t e d  as  p r e v io u s ly  d e s c r ib e d  
and a r e  p r e s e n t e d  in T a b l e  4 , 1 .
L a t e r a l  t i l t i n g  o f the  h ead  d u r in g  e x p o s u r e  may r e s u l t  
in e i t h e r  f o r e s h o r t e n in g  o r  e lo n g a t io n  o f  the  r a d io g r a p h ic  
im a g e .  T h e  e f fe c t  o f such  t i l t i n g  on th e  c o r r e c t i o n  f a c t o r s  
w a s  d e te r m in e d  by m a k in g  e x p o s u r e s  o f  the  s k u l l  t i l t e d  at  
1 0 °  and 3 0 °  f r o m  the h o r iz o n ta l  to w a r d s  the  f i lm .  C o r r e c t i o n
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f a c t o r s  w e r e  c a lc u la t e d  as  d e s c r ib e d  and a r e  p r e s e n te d  in 
T a b le  4 , 2 .
1 0 . 4  C om m ent
In th e  c l in ic a l  in v e s t ig a t io n  the  t r a n s m i t t in g  co il  s y s te m  
w a s  in u s e  in t e r m i t t e n t ly  f o r  a to ta l p e r io d  o f  le s s  than  tw o  
h o u rs .  T h e  m axim um  d r i f t  in ou tput w a s  t h e r e f o r e  - 0 .  6 % .
T h e  p o s s ib le  e f fe c t  o f  th is  d r i f t  on the  re s u l ts  w a s  re d u c e d  
f u r t h e r  by c a l i b r a t i n g  the  in s t ru m e n t  w i th  s p a c in g  s h im s  
a f t e r  e a c h  r e c o r d in g  (w h ic h  la s te d  a p p r o x im a t e ly  10 m in u te s ) .  
T h e  p o s s ib le  e r r o r  due to c h a n g e s  o f  t e m p e r a t u r e  w a s  
e x t r e m e ly  sm a ll  as th e  s y s te m  w a s  u s e d  w i th in  a v e r y  l im i te d  
t e m p e r a t u r e  r a n g e  (m outh t e m p e r a t u r e ,  a p p r o x im a t e ly  3 7 ° C ) .  
C o n s id e r in g  the c i r c u m s t a n c e s  o f  u s e ,  it is  u n l ik e ly  th a t  the  
t r a n s m i t t in g  co il  s y s te m  m akes  any a p p r e c i a b le  c o n t r ib u t io n  
to e r r o r s  in r e s u l t s .  T h e  m axim um  e r r o r  p r e s e n t  in the  
p o t e n t io m e t r ic  r e c o r d e r  is  so sm all ( +  0 . 5 % )  th a t  it a ls o  is  
u n l ik e ly  to h a v e  any a p p r e c ia b le  e f fe c t  on th e  r e s u l t s .
T h e  c o r r e c t i o n  f a c t o r s  u sed  in th e  f lu o r o g r a p h y  s tud y  
v a r i e d  a c c o r d in g  to the  d is ta n c e  o f  the  s k u l l  f ro m  the s c r e e n ,  
and th e  a n g le  o f  the  s k u ll  to the  s c r e e n  f r o m  the  h o r i z o n t a l .
A s  the  s k u l l - s c r e e n  d is ta n c e  in c r e a s e d  the  c o r r e c t i o n  f a c t o r  
d e c r e a s e d .  C o n v e r s e ly  as  the a n g le  o f  th e  s k u l l  f r o m  the  
h o r iz o n ta l  i n c r e a s e d ,  so a ls o  d id  the  c o r r e c t i o n  f a c t o r .  T h e  
c o r r e c t i o n  f a c t o r s  f o r  the  p r e m o la r  and in c is o r  r e g io n s  at  
e a c h  p o s i t io n  o f  the  s k u ll  w i l l  v a r y  s l ig h t ly  as  a r e s u l t  o f  
th e  d i f f e r e n c e  in o b j e c t - f i l m  d is ta n c e s  f o r  each  r e g io n .
-  8 5  -
T h e  m axim um  d i f f e r e n c e  in c o r r e c t i o n  f a c t o r s  w a s  
0 . 0 3 2  b e in g  the d i f f e r e n c e  in the  in c is o r  re g io n  b e tw e e n  a 
s k u l l - s c r e e n  d is ta n c e  o f  40  mm and 60 mm r e s p e c t i  ve l y . A s  
the c o r r e c t i o n  f a c t o r s  w i l l  be  u sed  to c o n v e r t  sm all r e a d in g s  
o f in t e r o c c lu s a l  c l e a r a n c e ,  a d i f f e r e n c e  o f 0 . 0 3 2  w h en  a p p l ie d  
to an in t e r o c c lu s a l  c l e a r a n c e  o f 5 mm w o u ld  r e s u l t  in the  
e r r o r  o f  o n ly  0 . 16  mm. S u c h  an e r r o r  sh o u ld  not be  
c l i n i c a l l y  d e te c ta b le .  T h e  d is ta n c e  of the  s k u l l  f ro m  the  
s c r e e n  t h e r e f o r e ,  p r o v id e d  it is  not e x c e s s iv e  s h o u ld  not  
h a v e  an y  a p p r e c ia b le  e f fe c t  on r e s u l t s .  L a t e r a l  t i l t i n g  o f  
the  s k u l l  w a s  c o n t r o l le d  to some e x te n t  d u r in g  the in v e s t ig a t io n  
by p la c in g  th e  s id e  o f  th e  fa c e  a g a in s t  the  h o u s in g  o f the  im ag e  
i n t e n s i f i e r .  I t  is  u n l ik e ly  th a t  such t i l t in g  w i l l  e x c e e d  1 0 °  and  
w i l l  t h e r e f o r e  h a v e  l i t t l e  e f fe c t  on r e s u l t s .
-  8 6  -
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E R R O R S  IN  M A T E R I A L S
1 1 .1  In t r o d u c t io n
In the  p r e s e n t  s tudy  som e of the  d en ta l m a t e r i a ls  u sed
in t r o d u c e  e r r o r s  w h ic h  a r e  e s s e n t ia l l y  r e la t e d  to t h e i r
d im e n s io n a l a c c u r a c y  and s t a b i l i t y .  S o m e  o f  th e s e  e r r o r s  a r e
in h e re n t  in th e  m a t e r i a ls  th e m s e lv e s ,  w h i ls t  o th e r s  a r i s e  f ro m
te c h n iq u e s  o f  m a n ip u la t io n .  In the  p r e s e n t  s tu d y  the  m a t e r i a l s
1 2u sed  in c lu d e d  a lg in a t e  im p r e s s io n  m a t e r i a l ,  d en ta l s to n e  and
3
f lu id  a c r y l i c  r e s i n .  S o m e  c o n s id e r a t io n  h as  been  g iv e n  to  
both th e  in h e r e n t  e r r o r s  and e r r o r s  due to m a n ip u la t iv e  
te c h n iq u e s .  T h e  g e n e ra l  d e s c r ip t io n  o f  the  p r o p e r t i e s  o f  the  
m a t e r ia l s  has  been  d e r iv e d  f r o m  S K I N N E R  and P H I L L I P S  
( 1 9 6 7 ) ,  P E Y T O N  (1 9 6 8 )  and A N D E R S O N  (1 9 7 2 ) .
1 1 . 2  A lg in a t e  Im p r e s s io n  M a t e r ia l
T h e  d im e n s io n a l  s t a b i l i t y  of m ost p r e s e n t  day  a lg in a t e s  
is  g o o d , the d im e n s io n  o f  a c a s t  p o u r e d  f ro m  an a lg in a te  
im p re s s io n  h a v in g  an e r r o r  not g r e a t e r  than  0 . 15%  ( W I L S O N  
and S M I T H  1 9 6 3 a ) .  I n a c c u r a c i e s ,  h o w e v e r ,  may o c c u r  w h en  
ta k in g  the  im p r e s s io n ,  re m o v in g  it f r o m  the  m o u th ,  s t o r in g  i t ,  
o r  p o u r in g  a c a s t  in to  it .
T h e  a lg in a t e  u s e d  in th e  p r e s e n t  s tudy  h as  b een  r e p o r t e d  
as  b e in g  d im e n s io n a l  ly  s t a b le  to w i th in  0 . 0 2 %  ( W I L S O N  and  
S M I T H  1 9 6 3 a ) .  T h is  d e g r e e  o f  a c c u r a c y  is  o b ta in e d  o n ly  by 
the c o r r e c t  m a n ip u la t iv e  te c h n iq u e s .  A c c o r d in g ly  the  
in s t r u c t io n s  o f  the m a n u f a c t u r e r  w i th  r e g a r d  to m ix in g  w e r e
1 S u p e r  K ro m o p a n  : F .  H .  W r ig h t  D e n ta l  M fg . C o . L t d .  ,
D u n d e e ,  S c o t la n d .
2 K a f f i r  D  : B r i t i s h  G ypsum  L t d .
3 P o u r / C u r e  : C o e  L a b o r a t o r i e s  In c .  , C h ic a g o .
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f o l lo w e d  th ro u g h o u t .  T h e  d e v e lo p m e n t  o f s t r a in s  in the
m a t e r i a l ,  w h ic h  m ay o c c u r  due to u n e v e n  b u lk  and d i f f e r e n t i a l
r a t e s  o f  g e la t io n  w a s  m in im is e d  by u s in g  im p r e s s io n  t r a y s
w h ic h  w e r e  s p e c ia l l y  c o n s t r u c te d  f o r  the  in d iv id u a l  s u b je c t
( O S B O R N E  and L A M M I E  1 9 5 4 ) .  A d h e s io n  to the  t r a y  w a s
4
a c h ie v e d  by both  p r o p r i e t a r y  t r a y  a d h e s iv e  and p e r f o r a t i o n s ,  
to r e s i s t  t e n s i le  and s h e a r in g  f o r c e s  r e s p e c t i v e l y  b e tw e e n  
the  m a t e r ia l  and the t r a y  on re m o v a l  f r o m  the m outh ( W I L S O N  
and S M I T H  1 9 6 3 b ) .  O n  c o m p le t io n  o f  g e la t io n ,  the  im p r e s s io n  
w as  re m o v e d  s w i f t l y  in o r d e r  th a t the  s t r a in  in d u c e d  w o u ld  be  
c o u n t e r a c te d  by the e l a s t i c  r e c o i l ,  and so a v o id in g  t e a r in g  
and p e rm a n e n t  d e fo r m a t io n  o f  the  m a t e r i a l .
A f t e r  re m o v a l f ro m  the  m o u th ,  c a s ts  w e r e  p o u r e d  
im m e d ia te ly  in o r d e r  to a v o id  the  c o n t r a c t io n  and d im e n s io n a l  
ch an g e  o f  the m a te r ia l  due to lo s s  o f  w a t e r  to the  a tm o s p h e re  
( D O N N IS O N  and D O C K IN G  1 9 6 0 ) .  T h e  o c c lu s a l  p a r t  w a s  
p o u re d  f i r s t  and the b a s e  ad d ed  l a t e r  to m in im is e  d is t o r t io n .
1 1 . 3  D e n ta l  S to n e
D e n ta l  s to n e  is  p r e p a r e d  by d e h y d r a t in g  gypsum  in a 
c lo s e d  c o n t a in e r  to fo rm  the  a ( -h e m ih y d r a te .  T h e  s e t t in g  
e x p a n s io n  ( in  th e  r e g io n  o f  0 . 1 -  0 . 2 % )  is  u s u a l ly  in d e p e n d e n t  
o f the  p o w d e r  w a t e r  r a t i o  in m ix in g .  A t  ro o m  t e m p e r a t u r e  and  
h u m id i ty ,  the  d im e n s io n a l  ch a n g e  a f t e r  s e t t in g  is  a p p r o x im a t e ly  
0 . 0 2 % ,  and is  n e g l ig ib le  ( S W E E N E Y  and T A Y L O R  1 9 5 0 ,
4 H o ld  : H i l l  B r o s .  ( H u l l )  L t d .  , H u l l
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M A H L E R  1 9 5 5 ) .
1 1 . 4  F l u i d  A c r y l i c  R e s in s
F l u i d  a c r y l i c  r e s in s  h a v e  b een  u sed  as  both d e n tu r e  
b a s e  m a t e r i a ls  and in the d u p l ic a t io n  o f  d e n tu r e s  as  d e s c r ib e d  
by S H E P A R D  ( 1 9 6 8 ) ,  W A G N E R  ( 1 9 7 0 ) ,  and R A L P H  and P A U L  
(1 9 7 2 ) .  T h e y  h a v e  b een  found  m o re  a c c u r a t e  than c o n v e n t io n a l  
h e a t  c u r e d  r e s in s  ( A N T H O N Y  and P E Y T O N  1 9 6 2 ,  S H E P A R D  
1 9 6 8 ) .  F u r t h e r m o r e ,  the  m ould  u s e d  in p o ly m e r is a t io n  is  a 
r e v e r s i b l e  h y d r o c o l lo id  w h ic h  r e d u c e s  the  in a c c u r a c y  c a u s e d  
by th e  s e t t in g  e x p a n s io n  o f  gypsum  m ould  u sed  w ith  h ea t  
c u re d  r e s in s  ( G R A N T  1 9 6 2 ) .
In th e  p r e s e n t  s tud y  the e r r o r  p r e s e n t  in a d u p l ic a te  
d e n tu r e  w a s  in v e s t ig a te d  in the fo l lo w in g  m a n n e r .  A  m a s te r  
u p p e r  d e n t u r e  and i ts  d u p l ic a te  w e r e  p la c e d  w i th  th e  o c c lu s a l  
s u r f a c e  u p p e r m o s t ,  in p l a s t e r  o f  P a r i s  m ix e d  w i th  an a n t i ­
e x p a n s io n  s o lu t io n .  T h e  d e n tu r e s  w e r e  s e c t io n e d  v e r t i c a l l y  
a t  th e  d is ta l  b o r d e r  o f th e  c a n in e  te e th  and at the  d is ta l  
b o r d e r  o f  the  f i r s t  m o la r  te e th .
E a c h  s e c t io n  in i ts  p l a s t e r  b a s e  w a s  p la c e d  a g a in s t  
a s t r a ig h t  e d g e  u n d e r  a t r a v e l l i n g  m ic r o s c o p e  ( F i g .  4 , 3 ) .  
M e a s u r e m e n ts  w e r e  m ade o f  the  in te r b u c c a l  d is t a n c e ,  the  
s u lc u s  d ep th  and p a la ta l  t h ic k n e s s  as  in d ic a te d  in F i g .  4 , 4 .
A n a v e r a g e  w a s  ta k e n  f r o m  r e a d in g s  in both  d i r e c t io n s  o f  
t r a v e l .  T h e  v a lu e s  f o r  each  s e c t io n  f o r  both  m a s t e r  and  
d u p l ic a t e  d e n t u r e s  a r e  show n in T a b l e  4 , 3 .
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1 1 . 5  C o m m e n t
T h e  c o n t r ib u t io n  to e r r o r  f r o m  a lg in a te  and d en ta l s to n e  
is  m in o r  and u n l ik e ly  to h a v e  any n o t ic e a b le  e f fe c t  on r e s u l t s .  
D im e n s io n a l  d i f f e r e n c e s  e x is t  b e tw e e n  m a s t e r  and d u p l ic a t e  
d e n tu r e s  but th e s e  a r e  a ls o  sm all and in m ost c a s e s  w o u ld  not  
be d e te c ta b l  e cl in ic a l  ly .  H o w e v e r ,  lo s s  o f  v e r t i c a l  d im e n s io n  
o f  o c c lu s io n  in d e n tu r e s  p r o c e s s e d  in f lu id  a c r y l i c  r e s in  has  
been r e p o r t e d  ( S H E P A R D  1 9 6 8 ) .  In  the  p r e s e n t  s tudy  the  
v e r t i c a l  d im e n s io n  o f  o c c lu s io n  w a s  v e r i f i e d  by f i t t i n g  the  
d u p l ic a t e  d e n t u r e s  on c a s ts  m ounted  at the  v e r t i c a l  d im e n s io n  
o f o c c lu s io n  of the  m a s t e r  d e n tu r e .  I f  a d is c r e p a n c y  w a s  
p r e s e n t  the  p r o c e s s  o f d u p l ic a t io n  w a s  r e p e a t e d .
In g e n e ra l  t h e r e f o r e  it  w o u ld  a p p e a r  th a t  i f  the  c o r r e c t  
m a n ip u la t iv e  te c h n iq u e s  a r e  fo l lo w e d  the  e r r o r s  due to m a t e r i a l s  
a r e  u n l i k e ly  to h a v e  a p p r e c ia b le  e f f e c t s  on the  r e s u l t s .
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E R R O R S  IN  A N A L Y S I S
1 2 .1  In t r o d u c t io n
In any in v e s t ig a t io n ,  p o te n t ia l  s o u r c e s  o f  e r r o r  may  
a r i s e  in th e  a n a ly s is  o f the  d a ta  o b ta in e d .  T h e  p r e s e n t  s tudy  
em p lo y e d  both  v is u a l  and m e a s u re m e n t  te c h n iq u e s  o f  a n a ly s is ,  
and in v e s t ig a t io n s  h a v e  been  p e r f o r m e d  to d e t e r m in e  the  e r r o r  
p r e s e n t  in the  v is u a l  a s s e s s m e n t ,  the a c c u r a c y  o f  m e a s u re m e n ts  
and the  r e l i a b i l i t y  o f  r e p r o d u c t io n  o f  r e f e r e n c e  p o in ts  and l in e s  
f ro m  w h ic h  m e a s u re m e n ts  a r e  m ade.
1 2 . 2  V is u a l  A n a ly s is
T h e  v is u a l  a n a ly s is  w a s  a p p l ic a b le  o n ly  to the  p a r t  o f  
the f lu o r o g r a p h i c  s tudy  w h ic h  r e a l i s e d  e n u m e r a t iv e  d a ta  
r e la t e d  to th e  p r e s e n c e  o r  a b s e n c e  o f  o c c lu s a l  tooth  c o n ta c t  
in d e n tu lo u s  s u b je c ts  d u r in g  each  s w a l lo w in g  s e q u e n c e .  S u c h  
an a n a ly s is  is  s u b je c t  to i n t r a - o b s e r v e r  e r r o r  w h e r e  v a r i a t i o n s  
may o c c u r  in s e p a r a t e  a s s e s s m e n ts  o f the  sam e  p a r a m e t e r  by a 
s in g le  in v e s t i g a t o r ,  o r  i n t e r - o b s e r v e r  e r r o r  w h e r e  v a r i a t i o n s  
may o c c u r  in the  a s s e s s m e n ts  o f  d i f f e r e n t  in v e s t ig a t o r s .  
A c c o r d i n g l y ,  i n t r a - o b s e r v e r  e r r o r  w a s  d e te r m in e d  by  
c o m p a r is o n  o f  d a ta  o b ta in e d  on s e p a r a t e  o c c a s io n s  f r o m  60  
s w a l lo w in g  s e q u e n c e s ,  and i n t e r - o b s e r v e r  e r r o r  w a s  d e t e r m in e d  
by c o m p a r is o n  o f  d a ta  o b ta in e d  f r o m  the  sam e s e q u e n c e s  by an 
in d e p e n d e n t  o b s e r v e r  ( F .  B .  C . ). T h e  r e s u l t s  a r e  p r e s e n t e d  
in T a b l e  4 , 4 .
1 2 . 3  A c c u r a c y  o f  M e a s u r e m e n ts
M e a s u r e m e n t  d a ta  w e r e  in v e s t ig a te d  f r o m  both  the  
t r a n s m i t t in g  c o i l  s tu d y  and the  f lu o r o g r a p h ic  s tu d y .  In the
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f o r m e r  it  had  b een  n e c e s s a r y  to c o n s t r u c t  c a l ib r a t io n  c u r v e s  
( C h a p t e r  7) to d e te r m in e  ja w  s e p a r a t io n  o f  s u b je c ts ,  as  
r e la t io n s h ip  b e tw e e n  r e c o r d e r  pen  d e f le c t io n  and t r u e  ja w  
s e p a r a t io n  w a s  n o n - l i n e a r .  In o r d e r  to in v e s t ig a t e  th e  e r r o r  
p r e s e n t  in m e a s u re m e n ts  o b ta in e d  f ro m  such c u r v e s ,  one  w a s  
c o n s t r u c te d  by the  a u t h o r ,  and a s e p a r a t e  o n e  f ro m  the sam e  
r e c o r d in g  by an in d e p e n d e n t  in v e s t ig a t o r  (M . H .  ) u s in g  
m i l l im e t r e  g ra p h  p a p e r .  R e a d in g s  w e r e  ta k e n  at 10 mm 
i n t e r v a l s  o f  t r a c e  d e f le c t io n  f ro m  0 to 1 00  mm. F r o m  th e s e  
w e r e  d e r i v e d  the c o r r e s p o n d in g  v a lu e s  f o r  t r u e  ja w  s e p a r a t io n  
( T a b le  4 , 5 ) .  D i f f e r e n c e s  w e r e  p r e s e n t  in o n ly  t h r e e  r e a d in g s ,  
th e  g r e a t e s t  b e in g  0 .  15 mm.
T h e  f lu o r o g r a p h ic  s tudy  in v o lv e d  the  m in u te  a d ju s tm e n ts  
and r e a d in g s  a s s o c ia t e d  w i th  a c a l i p e r  g au g e  c a l i b r a t e d  to 0 . 1 m m ,  
and a c c o r d in g ly  w a s  in v e s t ig a te d  w i th  r e g a r d  to both i n t r a -  and  
i n t e r - o b s e r v e r  e r r o r .  P r i o r  to th e  co m m en cem en t o f  th e s e  
i n v e s t ig a t io n s ,  r e a d in g s  f r o m  the  c a l i p e r  gau g e  at v a r io u s  
p o s i t io n s  w e r e  m ad e by th e  a u th o r  and an in d e p e n d e n t  
i n v e s t ig a t o r  (M . S .  S .  ). T h e  r e s u l t s  o f  th e s e  r e a d in g s  a r e  
show n in T a b l e  4 , 6 ,  and in d ic a te  th a t t h e r e  is  l i t t l e  e r r o r  
b e tw e e n  in v e s t ig a t o r s  in r e a d in g  th e  gau ge . T h e  m axim um  
e r r o r  r e c o r d e d  (0 .  1 mm) is  e x t r e m e ly  sm all  and equ a l to th e  
a c c u r a c y  o f  the  gau g e  i t s e l f .  L e n g th  m e a s u re m e n ts  w e r e  
then m ad e by e a c h  in v e s t ig a t o r  f ro m  p o in t  X  p e r p e n d i c u l a r l y  
to th e  m a n d ib u la r  l in e  ( C h a p t e r  8 ) ,  on one p r in t  f r o m  e a c h  o f  
th e  20  e d e n tu lo u s  s u b je c ts .  T h e  r e s u l t s  a r e  show n in T a b l e  
4 , 7 .  F o l l o w i n g  th e s e  r e a d in g s ,  m e a s u re m e n ts  w e r e  r e p e a te d  by
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the a u th o r  and c o m p a re d  to h is  o r ig in a l  o b s e r v a t io n s  
( T a b l e  4 , 8 ) .  T h e  e r r o r  in such a m ethod w a s  com puted  
u s in g  the  fo r m u la  :
s . l iT Z
J 2n
( w h e r e  d is  the  d i f f e r e n c e  b e tw e e n  r e a d in g s  and n the  n u m b e r  
o f  r e a d in g s )  as  s u g g e s te d  by N E V A K A R I  (1 9 5 6 )  and L U N T  
(1 9 6 6 ) .  T h is  sh o w ed  an i n t r a - o b s e r v e r  e r r o r  o f  0 . 0 6  mm 
and an i n t e r - o b s e r v e r  e r r o r  o f  0 . 1 mm.
1 2. 4 R e l i a b i l i t y  o f  R e f e r e n c e s
T h e  f r a m e  a n a ly s is  o f  a s w a l lo w in g  s e q u e n c e  f o r  any  
one s u b je c t  r e q u i r e d  m e a s u re m e n ts  f r o m  r e le v a n t  p h o to g r a p h ic  
f r a m e s  f r o m  the  s e q u e n c e .  R e p r o d u c t io n  in s u c c e s s iv e  f r a m e s  
o f  r e f e r e n c e  p o in ts  and l in e s  f ro m  w h ic h  m e a s u re m e n ts  a r e  
m ade c o n s t i tu te s  a p o s s ib le  s o u r c e  o f  e r r o r  ( R I C H A R D S O N  
1 9 6 6 ) .  T h e  m a g n itu d e  o f  th e  e r r o r  and  i ts  e f fe c t  on r e s u l t s  
w e r e  d e t e r m in e d  in th e  f o l lo w in g  m a n n e r .  A  d e n tu lo u s  
s u b je c t  w a s  s e le c te d  and 30 p h o to g r a p h ic  e x p o s u r e s  w e r e  
m ade o f  a l a t e r a l  ja w  r a d io g r a p h  w i th  the  te e th  at the  
i n te r c u s p a l  p o s i t io n .  R e f e r e n c e  p o in ts  and l in e s  a s  d e s c r ib e d  
in C h a p t e r  8 w e r e  lo c a te d  on p r i n t s  p r e p a r e d  f r o m  th e s e  
n e g a t iv e s .  T h u s  th e  fu l l  r a n g e  o f  m e a s u re m e n ts  u s e d  in the  
f l u o r o g r a p h ic  s tud y  c o u ld  be  o b ta in e d .
O n  e a c h  p r i n t ,  s ix  le n g th  m e a s u r e m e n ts  w e r e  m ad e as  
sh o w n  in F i g u r e  4 , 5 .  T h e  v a lu e s  o f  th e s e  m e a s u re m e n ts  
f o r  e a c h  o f  th e  30 f r a m e s ,  to g e th e r  w i th  th e  c a lc u la t e d  m ean s
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and s ta n d a r d  d e v ia t io n s  a r e  shown in T a b le  4 , 9 .  It  is  
i l l u s t r a t e d  in F i g .  4 , 6  how th e  s ta n d a r d  d e v ia t io n  in c r e a s e s  
as  the  v a lu e  o f  the  m ean r i s e s .  T h e  e f fe c t  th a t  th e  in c r e a s e  
in the  s ta n d a r d  d e v ia t io n  w i l l  h a v e  on r e s u l t s  may be  seen  i f  
n o rm a l d is t r ib u t io n  c u r v e s  a r e  c o n s t r u c te d  f ro m  th e  g ra p h  
f o r  m ean v a lu e s  o f  1 0 ,  2 0 ,  30 and 4 0  mm ( F ig .  4 , 7 ) .  T h e  
ta l l  n a r r o w  c u r v e  c o n s t r u c te d  f o r  th e  10 mm m ean  in d ic a te s  
a t ig h t  g ro u p in g  o f  re a d in g s  a ro u n d  th e  m ean -  the  r a n g e  o f  
d is p e r s io n  is  l im i te d .  A s  th e  m ean i n c r e a s e s ,  h o w e v e r ,  th e  
c u r v e s  lo s e  h e ig h t  and g a in  w id th  in d ic a t in g  a g r e a t e r  
p o s s ib le  d is p e r s io n  o f  re a d in g s .  T h e r e f o r e  in the  p r e s e n t  
s tu d y ,  th e  s m a l le r  the  m e a n ,  th e  g r e a t e r  the  a c c u r a c y  o f the  
r e s u l t s .  T h is  is  in a g re e m e n t  w i th  K V A M  and K R O G S T A D  
(1 9 7 1 )  who n o ted  th a t  the  v a r i a b i l i t y  o f  m e a s u re m e n ts  f ro m  
X - r a y  f i lm s  w a s  r e la t e d  to the  s i z e  o f  the  r e a d in g .
1 2 . 5 C om m ent
In a v is u a l  a n a ly s is  th e  s c o p e  f o r  e r r o r  is  g r e a t  and  
may be due e i t h e r  to the in a b i l i t y  o f  the in v e s t ig a t o r  to 
a n a ly s e  c o r r e c t l y  a r a p id ly  m o v in g  s e q u e n c e ,  o r  to a 
p r e c o n c e p t io n  o f th e  r e s u l t s  w h ic h  p r e v e n t s  an im p a r t ia l  
o p in io n  b e in g  m ade. A lth o u g h  th e  d i f f e r e n c e s  b e tw e e n  
i n t r a -  and i n t e r - o b s e r v e r  a n a ly s is  a r e  sm all  and not  
s t a t i s t i c a l l y  s ig n i f ic a n t  ( f o r  i n t r a - o b s e r v e r  d i f f e r e n c e  
p >  . 1 and f o r  i n t e r - o b s e r v e r  d i f f e r e n c e  p >  . 8) such  a 
m eth o d  is  c l e a r l y  u n s u i ta b le  f o r  a d e ta i le d  a n a ly s is .  I ts  
m a in  v a lu e  is  in a l lo w in g  a r a p id  in i t i a l  a s s e s s m e n t  w h ic h  can
-  94  -
a c t  as g u id a n c e  in m o re  s o p h is t ic a te d  m etho ds  o f  a n a ly s is .
T h e  i n t r a - o b s e r v e r  e r r o r  of 0 . 0 6  mm in m e a s u re m e n t  
is  e x t r e m e ly  sm all b e in g  le s s  than the  0 . 1 mm m in im um  
d iv is io n  on th e  m e a s u r in g  in s t ru m e n t .  T h e  i n t e r - o b s e r v e r  
e r r o r  is  equal to the  a c c u r a c y  o f the m e a s u r in g  in s t ru m e n t .  
C o n t r ib u t io n  to e r r o r  by te c h n iq u e s  o f  m e a s u re m e n t  is  
t h e r e f o r e  m in im a l and sh o u ld  h a v e  no a p p r e c ia b le  e f fe c t  
on re s u l  ts .
E r r o r s  a r i s e ,  h o w e v e r ,  in the  r e p r o d u c t io n  o f  
r e f e r e n c e  p o in ts  and l in e s .  E a c h  m e a s u re m e n t  m ust be  
c o n s id e r e d  f ro m  a p r o b a b i l i s t i c  p o in t  o f  v ie w .  B y  r e f e r e n c e  
to the g ra p h  o f s ta n d a r d  d e v ia t io n  a g a in s t  the  m ean ( F ig .  4 ,  6) 
an e s t im a t io n  m ay be m ade o f  a r a n g e  o f  p o s s ib le  r e a d in g s  
a ro u n d  any m ean. A s s u m in g  a n o rm a l d is t r ib u t io n  95%  of  
r e a d in g s  o f  a s in g le  p a r a m e t e r  w i l l  l i e  w i t h in  - 2  s ta n d a r d  
d e v ia t io n s  o f  the m ean . In the m e a s u re m e n t  a n a ly s is  t h e r e f o r e  
any s in g le  m e a s u re m e n t  w h ic h  l ie s  w i th in  - 2  s ta n d a rd  
d e v ia t io n s  o f  the  v a lu e  o f  the r e f e r e n c e  m e a s u re m e n t  can n o t  
be c o n s id e r e d  to r e p r e s e n t  a t r u e  d i f f e r e n c e  f ro m  the  
r e f e r e n c e  m e a s u re m e n t .
In o r d e r  to e s t im a te  the  le v e l  at w h ic h  t r u e  d i f f e r e n c e s  
b e tw e e n  m e a s u re m e n ts  a r e  p r e s e n t ,  n o rm a l d is t r ib u t io n  
c u r v e s  w e r e  c o n s t r u c te d  f o r  m ean s  o f 10 and 1 1 m m , 2 5  and  
2 6  mm and 4 0  and 41 mm ( F i g .  4 ,  8 a ,  8b and 8 c ) .  F r o m  the  
r e s u l t a n t  c u r v e s  it  can  be seen  th a t  a t  the  10 mm le v e l  a 
d i f f e r e n c e  in m e a s u re m e n t  o f  1 mm n o t ic e a b ly  r e p r e s e n t s  a
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t r u e  d i f f e r e n c e  in a l l  c a s e s .  A t  a le v e l  o f  2 5  mm it r e p r e s e n t s  
a t r u e  d i f f e r e n c e  in a p p r o x im a t e ly  95%  o f  c a s e s ,  w h i le  at  
40  mm a t r u e  d i f f e r e n c e  is  p r e s e n t  in a p p r o x im a t e ly  90%  o f  
c a s e s .  T h e  a r e a  o f  o v e r la p  b e tw e e n  the  b e l l - s h a p e d  c u r v e s  
and i ts  r a t i o  to the  to ta l a r e a  u n d e r  one such c u r v e  a l lo w s  one  
to m ake  th e s e  e s t im a te s .
In s u m m a ry  t h e r e f o r e ,  th ro u g h o u t  th is  r a n g e  o f  
m e a s u r e m e n t ,  0 - 4 0  m m , a d i f f e r e n c e  in r e a d in g  o f  1 mm 
r e p r e s e n t s  a r e a l  d i f f e r e n c e .  F o r  m e a s u re m e n ts  in the  
lo w e r  p a r t  o f  th is  s c a l e ,  r e a d in g  d i f f e r e n c e s  o f  e v e n  le s s  
than  1 mm may be r e l i e d  upon to r e p r e s e n t  t r u e  d i f f e r e n c e s .
-  9 6  -
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R A N D O M  E R R O R S
1 3. 1 In t r o d u c t io n
R and om  e r r o r s  a r e  th o se  w h ic h  may o c c u r  in an  
i r r e g u l a r  p a t t e r n .  A lth o u g h  th ey  may be a n t ic ip a t e d ,  they  
cannot a lw a y s  be c o n t r o l le d .  T h e y  m a y ,  h o w e v e r ,  be  
m in im is e d  by s ta n d a r d is a t io n  and c a r e  in te c h n iq u e s .  S u c h  
e r r o r s  m ay be  d iv id e d  in to  o p e r a t o r - in d u c e d  e r r o r ,  s u b j e c t -  
in d u ced  e r r o r ,  and a p p a r a t u s - r e l a t e d  e r r o r .
1 3. 2 O p e r a t o r - i n d u c e d  E r r o r
T h e  s im p le s t  fo r m  o f  o p e r a t o r - in d u c e d  e r r o r  o c c u r s  
w hen the  s u b je c t  b e c o m e s  in f lu e n c e d ,  by d i r e c t io n s  and  
i n s t r u c t io n s ,  to p r o v id e  a s u b je c t iv e  r a t h e r  than  an o b je c t iv e  
r e s u l t .  In o r d e r  to m in im is e  th is  e r r o r  s u b je c ts  w e r e  not  
in fo rm e d  o f  the  p r e c i s e  n a t u r e  o f the  in v e s t ig a t io n ,  and  
w e r e  o n ly  in s t r u c t e d  to s ip  som e w a t e r  and s w a l lo w  it .
In the  f lu o r o g r a p h ic  s tu d y ,  the  p o s i t io n  o f  th e  head  
of the  s u b je c t  a ls o  s u g g e s te d  a p o te n t ia l  s o u r c e  o f  e r r o r .  
A lth o u g h  l a t e r a l  h ead  m o vem ent w a s  c o n t r o l le d  by p o s i t io n in g  
the l a t e r a l  s u r f a c e  o f  the  fa c e  a g a in s t  th e  h o u s in g  o f  the  
im ag e  i n t e n s i f i e r ,  the  d is ta n c e  o f  the  te e th  f r o m  the  s c r e e n  
w a s  v a r i a b l e  d e p e n d e n t  upon the  t h ic k n e s s  o f th e  so ft  
t is s u e s  o f  th e  f a c e .  I t  h as  b een  sh ow n  ( C h a p t e r  10)that the  
c o r r e c t io n  f a c t o r  v a r i e s  w i th  the  o b je c t  -  f i lm  d is ta n c e .
M e a s u re m e n t  on a s u b je c t  im m e d ia te ly  p r i o r  to  
e x p o s u r e  w a s  c o n s id e r e d  to c a u s e  in t e r f e r e n c e  w i th  th e  
p o s i t io n  o f  th e  h e a d ,  n e c e s s i t a t e  r e - p o s i t i o n i n g  and  so
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i n t r o d u c e  f u r t h e r  e r r o r .  In o r d e r  to d e t e r m in e  the  
v a r i a b i l i t y  in d is ta n c e s  of te e th  f ro m  the  s c r e e n ,  a g ro u p  
o f 20 d e n tu lo u s  s u b je c t s ,  10 m a le  and 10 f e m a le  w e r e  
p o s i t io n e d  f o r  l a t e r a l  ja w  r a d io g r a p h s .  T h e  d is ta n c e s  
f ro m  the  b u c c a l  cusp o f  the  u p p e r  f i r s t  p r e m o l a r  and f ro m  
the m e s io - in c is a l  p o in t  o f  the  u p p e r  c e n t r a l  in c is o r  to the  
h o u s in g  o f  the  im ag e  i n t e n s i f i e r  w e r e  m e a s u re d .  T h e  
a v e r a g e  o f t h r e e  m e a s u re m e n ts  w a s  ta k e n  f o r  e a c h  s u b je c t .  
F o r  the  p u r p o s e s  o f  a n a ly s is  the s u b je c ts  w e r e  d iv id e d  in to  
t h r e e  g ro u p s  : ( i )  the  to ta l s a m p le  ( i i )  m a le s  ( i i i )  fe m a le s .
T h e  in d iv id u a l  m e a s u r e m e n ts ,  m e a n s ,  and s ta n d a r d  d e v ia t io n s  
a r e  p r e s e n te d  in T a b le  4 ,  1 0 a ,  10b and 10c . T h e  m eans  of  
the p r e m o la r  and in c is o r  d is ta n c e s  f ro m  the  seco n d  and t h i r d  
g ro u p s  w e r e  c o m p a re d  w i th  th e  m ean s of the  f i r s t  g ro u p  
u s in g  a 111 te s t .  T h e  d i f f e r e n c e s  b e tw e e n  the  m ean s  w e r e  not  
s ig n i f ic a n t  (p >  . 1 f o r  m a le s ,  p >  . 2 f o r  fe m a le s ) .
1 3. 3 S u b je c t  -  In d u c e d  E r r o r
P a r t i c i p a t i o n  in e x p e r im e n ta l  w o r k  m ay im p o se  a 
m enta l s t r a in  on c e r t a in  p e r s o n s .  T h is  is  p a r t i c u l a r l y  so i f  
they  a r e  u n in fo rm e d  and c o n f r o n te d  s u d d e n ly  w i th  a m ass  o f  
c o m p le x  a p p a r a t u s .  T h e  fa c t  o f  b e in g  u n d e r  o b s e r v a t io n  is  
a ls o  a c o n t r ib u t o r y  f a c t o r .  T h e  p e r f o r m a n c e  o f  a s u b je c t  
u n d e r  s t r a in  m ay be  u n n a tu r a l  and  le a d  to u n r e l i a b l e  r e s u l t s .  
U n f o r t u n a t e ly  it  is  v i r t u a l l y  im p o s s ib le  to d e t e r m in e  the  e f fe c t  
of such s t r a i n  on an in d iv id u a l  s u b je c t ,  but an a t te m p t  can  be  
m ade  to c o n t r o l  and  m in im is e  i t .  In the  p r e s e n t  s tu d y  th is  w a s
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done by l im i t in g  the am ount o f  a p p a r a t u s  v i s i b l e ,  by  
a t te m p t in g  to put the s u b je c t  at e a s e ,  and by m a k in g  
r e c o r d in g s  o f  s e v e r a l  s w a l lo w in g  s e q u e n c e s  to a l lo w  the  
s u b je c t  to b eco m e a c c u s to m e d  to th e  p r o c e d u r e  o f  
in v e s t ig a t io n .
D is c o m fo r t  o r  p a in  d u r in g  e x p e r im e n ta t io n  may in i t i a t e  
u n d e s i r a b le  r e f l e x  a c t io n s ,  p a r t i c u l a r l y  w i th  r e f e r e n c e  to the  
p r e l i m i n a r y  s tud y  w h e r e  th e  s u b je c t  had r e c o r d  b lo c k s  p la c e d  
in the  m o u th ,  and  to the  s e c t io n  o f  the  f lu o r o g r a p h i c  s tudy  
d e v o te d  to s u b je c ts  w i th  c o m p le te  d e n tu r e s .  C o n s id e r a b le  
c a r e  w a s  ta k e n  in the  c o n s t r u c t io n  o f th e s e  a p p l ia n c e s  in o r d e r  
to e l im in a t e  p o te n t ia l  t r a u m a t ic  a r e a s ,  and s u b je c ts  w e r e  
q u e s t io n e d  r e g a r d in g  c o m fo r t  p r i o r  to the  co m m en cem en t o f the  
r e c o r d in g .
T h e  v o lu m e  o f  w a t e r  w h ic h  c o n s t i tu te d  a " s ip "  w a s  an  
u n c o n t r o l le d  v a r i a b l e  th ro u g h o u t  the  w h o le  s tu d y .  It  w o u ld  
h a v e  b een  p r e f e r a b l e  to p r o v id e  ea c h  s u b je c t  w i th  a s p e c i f i c  
v o lu m e  o f  w a t e r  f o r  each  s ip ,  but as  th is  w o u ld  h a v e  in v o lv e d  
s w i tc h in g  o f f  the  m a c h in e  and c h a n g in g  d r in k in g  v e s s e ls  b e tw e e n  
s ip s ,  it  w a s  c o n s id e r e d  im p r a c t i c a l .  I t  w a s  a ls o  c o n s id e r e d  
that such a m a n o e u v r e  co u ld  r e s u l t  in a c h a n g e  in the  h ead  
p o s i t io n  o f the  s u b je c t  and p o s s ib ly  in t r o d u c e  m o re  e r r o r  than  
it a v o id e d .  H o w e v e r ,  in o r d e r  to h a v e  som e g u id a n c e  to the  
to ta l  am ount o f  w a t e r  s w a l lo w e d  d u r in g  s ix  s e q u e n c e s ,  
m e a s u r e m e n ts  w e r e  m ade  f ro m  12 s u b je c ts .  T h e  v o lu m e  
s w a l lo w e d  by each  o n e  to g e t h e r  w i th  the  m ean  v o lu m e  s w a l lo w e d
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is  show n in T a b le  4 , 1 1 .  F r o m  the  I a r g e  s p r e a d  o f  v a lu e s  
it  is  e v id e n t  th a t  a " s i p 11 h a s  a m e a n in g  p e c u l i a r  to each  
i n d iv id u a l .
1 3. 4  A p p a r a t u s  -  R e la t e d  E r r o r
T h e  te rm  a p p a r a t u s - r e l  a te d  e r r o r  is  u sed  to d en o te  
the e r r o r  in r e s u l t s  w h ic h  may b e  a t t r ib u t e d  d i r e c t l y  to the  
u s e  o f  a p p a r a t u s .  I t  do es  not in c lu d e  the c o n s id e r a t io n  o f  
s ta te d  e r r o r s  in c o m m e rc ia l  e q u ip m e n t o r  the s t r a i n  im po sed  
on a s u b je c t  w hen  he is  c o n f r o n te d  w i th  such e q u ip m e n t.
In the  p r e s e n t  s tu d y ,  th is  s o u r c e  o f e r r o r  is  r e la t e d  
to th e  p r e s e n c e  o f f o r e ig n  b o d ie s  in the  m outh in the  fo rm  o f  
r e c o r d  b lo c k s  and w i r e s  ( t r a n s m i t t in g  co il  s tu d y ) o r  le a d  
p e l l e t s  a t ta c h e d  to the t e e th ,  and  d u p l ic a t e  d e n t u r e s  
( f lu o r o g r a p h ic  s tu d y ) .  T h e s e  m ay a l l  h a v e  an e f fe c t  on 
n o rm a l fu n c t io n .
R e c o r d  b lo c k s  and  t r a n s m i t t in g  c o i ls  may i n t e r f e r e  
w ith  fu n c t io n  by v i r t u e  o f  t h e i r  b u lk .  T h e  p r e c i s e  e f f e c t  on 
the s w a l lo w in g  s e q u e n c e  is  e x t r e m e ly  d i f f i c u l t  to d e t e r m in e  
as  any a s s e s s m e n t  u s in g  a t r a n s m i t t in g  te c h n iq u e  w o u ld  s t i l l  
in v o lv e  p la c in g  a p p a r a tu s  in the m outh. F l u o r o g r a p h i c  
te c h n iq u e s  on p a r t i a l l y  e d e n tu lo u s  s u b je c ts  a v o id  the  u s e  o f  
r e c o r d  b lo c k s  and w i r e s .  C o m p a r is o n  o f  r e s u l t s  t h e r e f o r e  
f ro m  e a c h  s tu d y  can  p r o v id e  an e s t im a te  o f p o te n t ia l  e r r o r  
by d e t e r m in in g  the  s ig n i f ic a n c e  o f  a s s o c ia t io n  o r  s i m i l a r i t y  
in r e s u l t s  u s in g  a te s t .
T h e  le a d  p e l l e t s  w h ic h  a r e  a t ta c h e d  to th e  te e th  in the
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in te r p r o x im a l  re g io n  a r e  sm all ( a p p r o x im a t e ly  2 mm in 
d ia m e t e r )  and  c l e a r  of the  o c c lu s io n .  T h e y  a r e  t h e r e f o r e  
u n l ik e ly  to i n t e r f e r e  w i th  s w a l lo w in g  fu n c t io n .  P a r t  o f the  
in v e s t ig a t io n  in the  s tudy  w a s  s p e c i f i c a l l y  d i r e c t e d  to ja w  
r e la t io n s h ip s  d u r in g  s w a l lo w in g  w h i le  w e a r in g  c o m p le te  
d e n tu r e s .  S u c h  d e n tu r e s  w e r e  not c o n s id e r e d  as  c o n t r ib u t in g  
to e r r o r  p r o v id e d  the  s u b je c ts  had b eco m e  a c c u s to m e d  to th e m ,  
and t h e r e  w a s  no d is p la c e m e n t  o f the  d e n t u r e s  d u r in g  the  
s w a l lo w in g  s e q u e n c e .  T h e  in c id e n c e  o f  d is p la c e m e n t  o f the  
d e n t u r e s  is  r e p o r t e d  in C h a p t e r  18.
1 3. 5 C om m ent
R an do m  e r r o r s  in the  s tu d y  h a v e  been  c o n t r o l le d  as  f a r  
as  p o s s ib le  as  d e s c r ib e d  a b o v e .  N e v e r t h e l e s s  th ey  can n o t be  
e n t i r e l y  e l im in a t e d  and m ay h a v e  an in d e t e r m in a t e  e f fe c t  on 
r e s u l t s .  T h e  g r e a t e s t  r a n g e  o f  d i f f e r e n c e  in d is ta n c e s  f r o m  
the ja w s  to the im ag e  i n t e n s i f i e r  w a s  18 mm. It  has  been  
d e m o n s tra te d  ( C h a p t e r  10) th a t  a d i f f e r e n c e  in c o r r e c t io n  
f a c t o r  o v e r  a r a n g e  o f 30 mm is  e x t r e m e ly  sm all  and u n l ik e ly  
to h a v e  any  a p p r e c i a b le  e f f e c t  on r e s u l t s .  T h e  c o r r e c t i o n  
f a c t o r s  u s e d  f o r  a l l  s u b je c ts  t h e r e f o r e  w e r e  th o s e  c a lc u la t e d  
in C h a p t e r  10 f o r  a 4 0  mm o b je c t  -  f i lm  d is ta n c e  in the  
p r e m o la r  r e g io n .
T h e  am ount of w a t e r  s w a l lo w e d  at e a c h  s ip  re m a in e d  
a v a r i a b l e  th ro u g h o u t  the  s tu d y .  I t  w a s  c o n s id e r e d ,  h o w e v e r ,  
th a t  th is  v a r i a b l e  w a s  le s s  l i k e l y  to c o n t r ib u t e  to e r r o r  than  
th e  p r o b le m s  a s s o c ia t e d  w i th  th e  p r o v is io n  o f  d e f in i t e  v o lu m e s  
o f  w a t e r  f o r  s w a l lo w in g .
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T H E  T R A N S M I T T I N G  C O I L  S T U D Y  
1 4 . 1 In t r o d u c t io n
In the  t r a n s m i t t in g  co il  s tudy in t e r e s t  w a s  c e n t r e d  
on the  p r e s e n c e  o r  a b s e n c e  o f  o c c lu s a l  tooth  c o n ta c t  d u r in g  
s w a l lo w in g .  T e n  s u b je c ts  p a r t i c ip a t e d  in the  s tu d y ,  5 m a le  
and 5 fe m a le .  T h e i r  ag e s  ra n g e d  f r o m  18 to 60 y e a r s  w ith  
a m ean ag e  of 37 . 2 y e a r s .
1 4 . 2  T h e  S w a l lo w in g  S e q u e n c e
T h e  v e r t i c a l  m a n d ib u la r  m o vem en ts  d u r in g  the  
s w a l lo w in g  s e q u e n c e s  w e r e  r e c o r d e d  g r a p h ic a l l y  ( F ig .  5 ,  1). 
S o m e  v a r i a b i l i t y  w i th in  and b e tw e e n  s u b je c ts  w a s  e v id e n t ,  
but a s im i l a r  o v e r a l l  p a t t e r n  e m e rg e d .  S e q u e n c e s  com m en ced  
e i t h e r  f ro m  a p o s i t io n  o f o c c lu s a l  tooth  c o n ta c t  o r  f r o m  a 
p o s i t io n  w h e r e  som e in te r o c c lu s a l  c l e a r a n c e  w a s  p r e s e n t .
T h e  in t e r o c c lu s a l  c l e a r a n c e  in c r e a s e d  as  w a t e r  w a s  d r a w n  
in to  the m o u th , and w a s  in d ic a te d  n o r m a l ly  by a s in g le  p e a k  
on the  t r a c e .  O c c a s io n a l l y ,  h o w e v e r ,  tw in  p e a k s  s e p a r a t e d  
by a s h a l lo w  t ro u g h  w e r e  e v id e n t .  A  r a p id  d e c r e a s e  in  
in t e r o c c lu s a l  s e p a r a t io n  im m e d ia te ly  p r i o r  to c l in ic a l  
e v id e n c e  o f  s w a l lo w in g  then f o l lo w e d .  In m any c a s e s  a z e r o  
m e a s u re m e n t  w a s  r e a c h e d  w h ic h  in d ic a te d  too th  c o n ta c t  in 
the  in te r c u s p a l  p o s i t io n ,  but in som e s e q u e n c e s ,  e x te n s io n  
o f the  t r a c e  b e lo w  the e s ta b l is h e d  b a s e  l in e  o c c u r r e d .  S u c h  
an a n o m a ly  co u ld  p o s s ib ly  be e x p la in e d  by th e  o c c u r r e n c e  
o f  l a t e r a l  o r  a n t e r o - p o s t e r i o r  m a n d ib u la r  m o v e m e n ts  
c a u s in g  a ch a n g e  in co il  r e l a t i o n s h i p s ,  w h ic h  m ig h t r e s u l t
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in an in t e n s i f ie d  s ig n a l b e c a u s e  o f  a m o re  f a v o u r a b le  f i e ld .
T h e  tooth  c o n ta c t  o r  le v e l  o f  s e p a r a t io n  w a s  m a in ta in e d  f o r  
a s h o r t  p e r io d  ( T a b le  5 ,  1) as  the s u b je c t  s w a l lo w e d  the  
w a t e r ,  the m ean len g th  o f  t im e  b e in g  0 . 8 se c o n d s .
T h e  v e r t i c a l  j a w  p o s i t io n  f o l lo w in g  a s w a l lo w in g  
s e q u e n c e  w a s  v a r i a b l e .  S o m e  s e q u e n c e s  t e r m in a t e d  in o c c lu s a l  
tooth  c o n ta c t  w h i ls t  o t h e r s  d e m o n s t ra te d  som e d e g r e e  o f  
i n t e r o c c lu s a l  c le a r a n c e .  M o st s e q u e n c e s  f e a t u r e d  som e  
o s c i l l a t io n  in th e  d e g r e e  o f in te r o c c lu s a l  c le a r a n c e  u n t i l  a 
s ta b le  m a n d ib u la r  p o s i t io n  w a s  r e a c h e d .
1 4 . 3  O c c lu s a l  T o o th  C o n ta c t
T h e  e s t im a t io n  o f  m ean s  o f in d iv id u a l  m e a s u r e m e n ts  o f  
s e p a r a t io n  is  o f no g r e a t  v a lu e  o v e r  such a sm all r a n g e .  
A c c o r d i n g l y ,  r e s u l t s  h a v e  been  e x p r e s s e d  a s  e n u m e ra t io n  
d a t a ,  e i t h e r  as  c o n ta c t  o r  as  la c k  o f  c o n t a c t ,  d u r in g  s e v e r a l  
s w a l lo w in g  s e q u e n c e s  f o r  each  s u b je c t  ( T a b le  5 ,  2 ) .  A s  the  
r e la t io n s h ip  b e tw e e n  th e  in t e r o c c lu s a l  c l e a r a n c e  and  s ig n a l  
in te n s i ty  w a s  n o n - l i n e a r  a c a l ib r a t i o n  c u r v e  w a s  p lo t te d  f o r  
each  s u b je c t  ( C h a p t e r  7 ) .  A l th o u g h  d e f in i t e  o c c lu s a l  tooth  
c o n ta c t  co u ld  be a s c e r t a i n e d ,  m e a s u r e m e n ts  o f  0 .  2 mm 
s e p a r a t io n  o r  le s s  co u ld  not b e  d e te r m in e d  a c c u r a t e ly .  A n  
i n te r o c c lu s a l  c l e a r a n c e  o f  0 . 2  mm h o w e v e r ,  is  so sm all that  
it  is  o f  m in o r  c l in ic a l  im p o r ta n c e ,  and  m ay be c o n s id e r e d  as  
e q u iv a le n t  to o c c lu s a l  tooth  c o n ta c t  ( N E I L L  1 9 6 4 ) .  T o o th  
c o n ta c t  w a s  e v id e n t  t h e r e f o r e  in 4 5  f r o m  th e  60 s w a l lo w in g  
s e q u e n c e s  (7 5 % ) .  F i v e  s u b je c ts  d e m o n s t ra te d  c o n ta c t
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c o n s is te n t ly  th ro g h o u t  the  r e c o r d i n g s ,  w h i ls t  in 1 s u b je c t  
c o n ta c t  w a s  c o n s is te n t ly  a b s e n t .  In the  r e m a in in g  4  s u b je c ts  
t h e r e  w e r e  v a r i a t io n s  in th e  n u m b e r  o f s e q u e n c e s  e x h ib i t in g  
c o n ta c t .  D u e  to th e  l im i te d  n u m b e r  o f  s u b je c ts  in v e s t ig a te d  
h o w e v e r ,  it  is  u n r e a l i s t i c  to p r e s e n t  th e s e  l a t t e r  f i g u r e s  
as p e r c e n t a g e s .
1 4 . 4  P o s i t io n  of C o n ta c t
T h e  p ro b le m  o f d e te r m in in g  the  p o s i t io n  o f  c o n ta c t  w a s  
e m p h a s is e d  by the  e x te n s io n  of the t r a c e  b e lo w  the  e s t a b l is h e d  
b a s e  l in e .  It  w a s  c o n s id e r e d  th a t  th is  e x te n s io n  p r o b a b ly  
in d ic a te d  o c c lu s a l  tooth c o n ta c t  in a p o s i t io n  o t h e r  than  the  
in te r c u s p a l  p o s i t io n .  O n th is  a s s u m p t io n  it  w a s  found  th a t  
o c c lu s a l  c o n ta c t  in a p o s i t io n  o t h e r  than the  in te r c u s p a l  
p o s i t io n  o c c u r r e d  24  t im e s  in 4 5  s w a l lo w in g  s e q u e n c e s .  T h e  
p o s i t io n  o f  c o n ta c t ,  h o w e v e r ,  co u ld  not be d e te r m in e d .
1 4 . 5  F in a l  M a n d ib u la r  P o s i t io n
T h e  p o s i t io n  a d o p te d  at the  c o m p le t io n  o f  th e  s e q u e n c e  
w a s  e x t r e m e ly  v a r i a b l e  ( T a b le  5 , 3 ) .  O c c lu s a l  c o n ta c t  a t  the  
end o f  a s w a l lo w in g  s e q u e n c e  w a s  d e m o n s t ra te d  in 4 8 %  o f a l l  
the s w a l lo w s  in the  s tu d y ,  and tw o s u b je c ts  e x h ib i te d  o c c lu s a l  
c o n ta c t  at the  end o f  e v e r y  s w a l lo w in g  s e q u e n c e .
1 4 . 6  C o m m ent
T h e  p a r t  o f  th e  s tud y  u s in g  the  t r a n s m i t t in g  co il  
in v o lv e d  o n ly  d e n tu lo u s  s u b je c ts  (w ith  o p p o s in g  e d e n tu lo u s  
s a d d le s  p r e s e n t  in the m o uth ). T h e  r e s u l t s  can t h e r e f o r e  be  
c o m p a re d  w i th  r e s u l t s  f r o m  the  f lu o r o g r a p h ic  s tu d y  on d e n tu lo u s
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s u b je c ts .  In  v ie w  o f the a s s o c ia t io n  b e tw e e n  the  tw o g ro u p s  
of s u b je c ts  and in o r d e r  to a v o id  u n n e c e s s a r y  r e p e t i t i o n  the  
d is c u s s io n  o f  the p r e s e n t  r e s u l t s  has  been  in c lu d e d  w i th  the  
d is c u s s io n  of the  r e s u l t s  f r o m  d e n tu lo u s  s u b je c ts  in the  
f l u o r o g r a p h ic  s tudy ( C h a p te r  16 ).
-  10 5  -
C H A P T E R  1 5 
T h e  F lu o r o g r a p h i c  S tu d y  : S w a l lo w in g  S e q u e n c e s  
and A n a ly s is
P a g e
15. 1 In t r o d u c t io n 106
15. 2 T h e  S w a l lo w in g  S e q u e n c e 106
15. 2. 1 C om m ent 107
15. 3 T h e  A n a ly s is 109
15. 3. 1 V is u a l  A n a ly s is 109
15. 3. 2 M e a s u re m e n t  A n a ly s is 109
T H E  F L U O R O G R A P H I C  S T U D Y  :
S W A L L O W I N G  S E Q U E N C E S  A N D  A N A L Y S I S  
1 5. 1 In t r o d u c t io n
T h e  in v e s t ig a t io n s  in the  f lu o r o g r a p h ic  s tudy  w e r e  
p e r f o r m e d  on 60 s u b je c ts  w ho w e r e  e i t h e r  d e n tu lo u s ,  
e d e n tu lo u s ,  o r  e d e n tu lo u s  w e a r in g  d e n tu r e s .  In each  o f  
59 s u b je c t s ,  6 s w a l lo w in g  s e q u e n c e s  w e r e  r e c o r d e d  and  
in 1 s u b je c t  5 s e q u e n c e s  w e r e  r e c o r d e d .  A  to ta l o f  3 5 9  
s e q u e n c e s  w a s  t h e r e f o r e  a v a i l a b le  f o r  a n a ly s is .  T y p ic a l  
s e q u e n c e s  f ro m  each  g ro u p  o f  s u b je c ts  a r e  show n in F i g .
5 ,  2 a  and 2b.
1 5. 2 T h e  S w a l lo w in g  S e q u e n c e
S w a l lo w in g  s e q u e n c e s  f o r  in d iv id u a l  s u b je c ts  f o l lo w e d  
a g e n e r a l  p a t t e r n ,  a l th o u g h  m in o r  v a r i a t i o n s  w e r e  s o m e t im e s  
e v id e n t  both w i th in  and  b e tw e e n  s u b je c ts .  F o l lo w in g  the  
in i t ia l  o p e n in g  o f the mouth in o r d e r  to s ip  th e  w a t e r  
p r o v i d e d ,  the  m a n d ib le  w a s  o b s e r v e d  to m o ve  v e r t i c a l l y  
u p w a r d s ,  a s s u m in g  a r e la t io n s h ip  to the m a x i l l a  w h ic h  w a s  
n o r m a l ly  m a in ta in e d  u n t i l  the  w a t e r  w a s  s w a l lo w e d .  In 
d e n tu lo u s  s u b je c ts  th is  r e la t io n s h ip  a p p e a r e d  o f te n  but not  
i n v a r i a b l y ,  to be  the  p o s i t io n  o f o c c lu s a l  tooth  c o n ta c t .  
C o m m en cem en t o f  t r u e  s w a l lo w in g  w a s  e v id e n c e d  by the  
b a c k w a r d s  and u p w a r d  m ovem ent o f  th e  so ft  p a la t e  to c o n ta c t  
the  p o s t e r i o r  p h a ry n g e a l  w a l l  , t o g e th e r  w i th  f o r w a r d  and  
u p w a r d  m ovem en t o f the  h y o id  bone to w a r d s  th e  lo w e r  b o r d e r  
o f  th e  m a n d ib le .  T h is  l a t t e r  m o vem ent w a s  m o re  d e f in i t e  in
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d e n tu lo u s  s u b je c ts  and e d e n tu lo u s  s u b je c ts  w e a r in g  d e n t u r e s ,  
than it w a s  in e d e n tu lo u s  s u b je c ts .  T h e  te r m in a t io n  o f the  
s w a l lo w in g  s e q u e n c e  w a s  e v id e n c e d  by th e  r e t u r n  o f th e  h y o id  
bone and so ft  p a la t e  to t h e i r  p r e - s w a l l o w  p o s i t io n .  In som e  
c a s e s  th is  w a s  a c c o m p a n ie d  by a v e r t i c a l l y  d o w n w a rd  
m ovem ent o f  the  m a n d ib le .
T h e  most common v a r i a t i o n  in a s in g le  s e q u e n c e  w a s  
the o c c u r r e n c e  o f  m u l t ip le  m ovem en ts  o f  the  so ft  p a la t e  and  
the h y o id  b o n e ,  in d ic a t in g  the  o c c u r r e n c e  o f  s e v e r a l  s w a l lo w s .  
T h e  f i r s t  s w a l lo w  in th e s e  c a s e s  r a r e l y  in c lu d e d  v e r t i c a l  
e le v a t io n  o f  the m a n d ib le ,  w h ic h  ten d ed  to r e m a in  at the  in i t ia l  
m o u th -o p e n  p o s i t io n .  S u b s e q u e n t  sw al lo w s  h o w e v e r , te n d e d  
to f o l lo w  the  p r e v io u s  g e n e ra l  d e s c r ip t io n ,  b e in g  a c c o m p a n ie d  
by m a n d ib u la r  e le v a t io n  and e v id e n c e  o f  o c c lu s a l  tooth  c o n ta c t  
in som e d e n tu lo u s  s u b je c ts  and e d e n tu lo u s  s u b je c ts  w e a r in g  
d e n tu r e s .  C o m p le x  m o vem en ts  o f  the  to n gue  may a ls o  o c c u r  
d u r in g  s w a l lo w in g .  N o  o b s e r v a t io n s  w e r e  m ade on such  
m o v e m e n ts ,  h o w e v e r ,  as  in f lu o r o g r a p h ic  s tu dy  the so ft  
t is s u e s  o f  the  tongue w e r e  not c l e a r l y  d e f in e d .
1 5 . 2 . 1  C o m m ent
U p w a r d  m ovem ent o f  the  m a n d ib le  p r i o r  to s w a l lo w in g  is  
e f fe c te d  by the  e le v a t in g  m u s c le s  o f  m a s t ic a t io n .  In d e n tu lo u s  
s u b je c ts  it has b een  s u g g e s te d  tha t  th is  p o s i t io n  in d ic a te s  
c o n ta c t  o f  th e  m a x i l l a r y  and m a n d ib u la r  te e th  ( G I L L I S  1941 , 
R U S H M E R  and H E N D R O N  1951 , P O S S E L T  1 9 6 8 ,  S C O T T  
and  D I X O N  1 9 7 2 )  and th a t s w a l lo w in g  is  d i f f i c u l t ,  i f  not
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im p o s s ib le ,  i f  such c o n ta c t  does not o c c u r  ( B E L L  et a l .
1 9 7 2 ) .  F r o m  th e  g e n e ra l  d e s c r ip t io n  o f  the  s w a l lo w in g  
s e q u e n c e  it  is  c l e a r  that n e i t h e r  of th e s e  s ta te m e n ts  is  
n e c e s s a r i l y  t r u e  in e v e r y  c a s e .
T h e  b a c k w a r d  and u p w a rd  m ovem ent o f th e  so ft  p a la t e  
and i ts  c o n ta c t  w i th  the p o s t e r i o r  p h a ry n g e a l  w a l l ,  s e a ls  the  
n a s o p h a r y n x  f ro m  the  o r o p h a r y n x  and p r e v e n t s  e s c a p e  o f  the  
w a t e r  v ia  the n o s e .  U p w a r d  and f o r w a r d  m ovem ent o f the  
h y o id  bone is  e f fe c te d  by c o n t r a c t io n  o f  th e  s u p r a h y o id  
g ro u p  o f  m u s c le s ,  as  the w a t e r  is  p r o p e l le d  f ro m  the  o r a l  
c a v i ty  in to  the o r o p h a r y n x .  A f t e r  c o m p le t io n  o f s w a l lo w in g  
the so ft  p a la t e  and h y o id  bone r e t u r n  to t h e i r  p r e - s w a l l o w  
p o s i t io n .
T h e  r e a s o n  f o r  the o c c u r r e n c e  o f  a tooth  a p a r t  s w a l lo w  
in the  d e n tu lo u s  s u b je c ts  is  not c l e a r .  T h e r e  m a y ,  h o w e v e r ,  
be some a s s o c ia t io n  w i th  th e  s i tu a t io n  in w h ic h  l iq u id  m ay be  
p o u re d  d i r e c t l y  in to  the  p h a r y n x  and s w a l lo w e d  w h i le  th e  
mouth r e m a in s  o pen . In the  p r e s e n t  s tud y  a r e la t e d  s i tu a t io n  
m ay h a v e  r e s u l t e d  f ro m  a s u b je c t  ta k in g  an e x c e s s iv e ly  l a r g e  
s ip  o f  w a t e r .
In  a l l  s w a l lo w in g  s e q u e n c e s  v ie w e d ,  th e  m o v e m e n ts  o f  
the so ft  p a la t e  and h y o id  bone w e r e  c o n s is t e n t ly  p r e s e n t .
F r o m  th e  g e n e r a l  d e s c r ip t io n  t h e r e f o r e ,  th e  p r e c i s e  mom ent  
o f s w a l lo w in g  can be d e te r m in e d  on the  s c r e e n  by th e  co m b in e d  
m o v e m e n ts  o f  th e s e  s t r u c t u r e s .
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1 5. 3 T h e  A n a ly s is
T h e  in t e r e s t  in the  p r e s e n t  s tudy  is  c e n t r e d  on th e  
p r e s e n c e  o r  a b s e n c e  of o c c lu s a l  tooth  c o n ta c t  d u r in g  
s w a l lo w in g  in d e n tu lo u s  s u b je c ts ,  the  r e la t io n s h ip  o f  
m a n d ib le  to m a x i l la  d u r in g  s w a l lo w in g  in e d e n tu lo u s  
s u b je c t s ,  and  th e  p r e s e n c e  o r  a b s e n c e  o f  o c c lu s a l  tooth  
c o n ta c t  d u r in g  s w a l lo w in g  in e d e n tu lo u s  s u b je c ts  w e a r i n g  
c o m p le te  d e n t u r e s ,  to g e th e r  w ith  th e  f in a l  m a n d ib u la r  p o s i t io n  
in a l l  c a s e s .  In fo rm a t io n  on th e s e  q u e s t io n s  w a s  o b ta in e d  
by both v is u a l  and m e a s u re m e n t  a n a ly s e s .
1 5. 3. 1 V is u a l  A n a ly s is
A s  the  e x a c t  p o s i t io n  o f  th e  e d e n tu lo u s  m a n d ib le  in  
s p a c e  is  d i f f i c u l t  to d e te r m in e  v i s u a l l y ,  and th e  c o m p le te  
d e n tu r e s  w e r e  c o n s t r u c te d  in r a d io lu c e n t  a c r y l i c  r e s in  and  
c o n s e q u e n t ly  w e r e  not c l e a r l y  v i s i b l e  r a d io g r a p h ic a l  l y , the  
v is u a l  a n a ly s is  is  a p p l ic a b le  o n ly  to d e n tu lo u s  s u b je c t s ,  b e in g  
r e s t r i c t e d  to the a s s e s s m e n t  o f  p r e s e n c e  o r  a b s e n c e  o f  o c c lu s a l  
tooth  c o n ta c t  p r e c e d in g  and d u r in g  e a c h  s w a l lo w in g  s e q u e n c e .
1 5. 3. 2 M e a s u re m e n t  A n a ly s is
T h e  m e a s u re m e n t  a n a ly s is  w a s  p e r f o r m e d  on p r i n t s  
f ro m  p h o to g r a p h ic  f r a m e s  o f  s w a l lo w in g  s e q u e n c e s  a s  d e s c r ib e d  
in C h a p t e r  8 . A s  the  p r e s e n c e  o f  a c t iv e  s w a l lo w in g  w a s  
d e te r m in e d  by th e m o v e m e n t  o f  the  h y o id  b o n e ,  th e  f r a m e s  
s e le c te d  f o r  a n a ly s is  w e r e  th o s e  in w h ic h  th e  h y o id  bone  
w a s  e le v a te d  f ro m  i ts  p r e - s w a l l o w  p o s i t io n .  T h i s  e n s u r e d  
th a t  m e a s u re m e n ts  o f  the  m a n d ib u la r  p o s i t io n  w e r e  m ade  
d u r in g  th e  a c t iv e  p a r t  o f  th e  s w a l lo w in g  s e q u e n c e .
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A d d it io n a l  f r a m e s  a t  the b e g in n in g  and end o f  the  
in v e s t ig a t io n  f o r  each  s u b je c t  w e r e  a ls o  in c lu d e d  in th e  
m e a s u re m e n t  a n a ly s is .  T h e  f r a m e  at the b e g in n in g  w a s  
in c lu d e d  f o r  p u rp o s e  o f r e f e r e n c e ,  and  w a s  a r e c o r d  o f the  
s u b je c t  w i th  th e  ja w s  a t  the p r e - s w a l l o w  p o s i t io n .  In  
d e n tu lo u s  s u b je c ts  and e d e n tu lo u s  s u b je c ts  w e a r in g  d e n t u r e s ,  
the ja w s  and te e th  w e r e  in the  in te r c u s p a l  p o s i t io n ,  w h i ls t  
in e d e n tu lo u s  s u b je c ts  the m a n d ib le  w a s  in a " r e l a x e d "  
p o s i t io n .  T h e  f r a m e  a t  the  end o f the  s e q u e n c e  g a v e  an  
in d ic a t io n  of the  p o s i t io n  o f  th e  m a n d ib le  a f t e r  c o m p le t io n  o f  
s w a l lo w in g  and w a s  in c lu d e d  in o r d e r  to a s s e s s  w h e t h e r  o r  
not " r e s t  j a w  r e la t io n s h ip "  o c c u r r e d  a f t e r  s w a l lo w in g .
In th e  a n a ly s is  o f  r e s u l t s ,  a l l  m e a s u re m e n ts  r e c o r d e d  
w e r e  c o m p a r e d  to a r e f e r e n c e  m e a s u re m e n t .  T h e  v a r i a b i l i t y  
of th e  v a lu e  f o r  the  r e f e r e n c e  m e a s u re m e n t  w a s  c a lc u la t e d  
to + 2 s ta n d a r d  d e v ia t io n s  as  d e s c r ib e d  in C h a p t e r  12. T h e  
m e a s u re m e n ts  r e c o r d e d ,  w h en  c o m p a re d  to th e  r e f e r e n c e  
m e a s u re m e n t  fe l l  in to  o ne  o f t h r e e  c a t e g o r ie s .
T h e  f i r s t  c a t e g o r y  in c lu d e d  m e a s u re m e n t  v a lu e s  w i th in  
an e s t im a te d  + 2 s ta n d a rd  d e v ia t io n s  o f the  r a n g e  o f  
v a r i a b i l i t y  o f  the  r e f e r e n c e  m e a s u re m e n t .  S u c h  v a lu e s  w e r e  
i n d is t in g u is h a b le  f ro m  the  r e f e r e n c e  m e a s u re m e n t  at 95%  
le v e l  o f  p r o b a b i l i t y .
T h e  s e c o n d  c a t e g o r y  in c lu d e d  m e a s u re m e n t  v a lu e s  w h ic h  
d i f f e r e d  f r o m  the  r e f e r e n c e  m e a s u re m e n t  by 1 mm o r  m o r e .  A s  
e x p la in e d  in C h a p t e r  1 2 ,  w i t h in  the  r a n g e  o f  m e a s u re m e n ts
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r e c o r d e d  in the  s tud y  th is  w a s  an in d ic a t io n  o f a t r u e  
d i f f e r e n c e  b e tw e e n  m e a s u re m e n ts .
T h e  t h i r d  c a te g o r y  in c lu d e d  m e a s u re m e n ts  w h ic h  lay  
o u tw ith  the  ra n g e  o f v a r i a b i l i t y  o f  the  r e f e r e n c e  m e a s u re m e n t  
but the  d i f f e r e n c e  b e tw e e n  the  tw o m e a s u re m e n ts  w a s  le s s  
than 1 mm. In such c a s e s  the  ra n g e  o f  v a r i a b i l i t y  o f  th e s e  
m e a s u re m e n ts  to +  2 s ta n d a rd  d e v ia t io n s  w a s  e s t im a te d .  I f  
the  c a lc u la t e d  r a n g e s  o f v a r i a b i l i t y  o f the  r e c o r d e d  and  
r e f e r e n c e  m e a s u re m e n ts  o v e r la p p e d  by 1 s ta n d a r d  d e v ia t io n  
o r  m o re  th e  d i f f e r e n c e  b e tw e e n  the  tw o  v a lu e s  w a s  not  
c o n s id e r e d  a t r u e  d i f f e r e n c e .  T h i s  s i t u a t io n ,  h o w e v e r ,  
o c c u r r e d  v e r y  r a r e l y ,  but w h en  p r e s e n t  in d ic a te d  som e b ia s  
o f  the r e s u l t s  to w a r d s  a g r e e m e n t  w i th  the  r e f e r e n c e  
m e a s u re m e n t .
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T H E  F L U O R O G R A P H I C  S T U D Y  :
D E N T U L O U S  S U B J E C T S  
1 6. 1 In t r o d u c t io n
A n a ly s is  o f  s w a l lo w in g  s e q u e n c e s  f ro m  d e n tu lo u s  
s u b je c ts  w a s  d i r e c t e d  to : -
i) the  p r e s e n c e  o r  a b s e n c e  o f  o c c lu s a l  tooth  c o n ta c t  
im m e d ia te ly  p r i o r  to o r  d u r in g  a s w a l lo w
i i )  the  p o s i t io n  o f  o c c lu s a l  tooth  c o n ta c t  i f  and w hen  
it o c c u r r e d
i i i )  the  v e r t i c a l  ja w  p o s i t io n  at the  te r m in a t io n  o f  the  
s w a l lo w in g  s e q u e n c e s .
S e q u e n c e s  w e r e  s u b je c te d  both to v is u a l  and m e a s u r e ­
ment a n a ly s is .  T h e  f o r m e r ,  h o w e v e r ,  w a s  r e s t r i c t e d  to the  
a s s e s s m e n t  of th e  p r e s e n c e  o r  a b s e n c e  of o c c lu s a l  tooth  
c o n ta c t ,  as  such an a n a ly s is  can o n ly  be  u s e d  to p r o v id e  
e n u m e r a t iv e  d a ta  w h e r e  m e a s u re m e n ts  a r e  not r e q u i r e d .
1 6. 2 V is u a l  A n a ly s is
T h e  v is u a l  a n a ly s is  in v o lv e d  30 d e n tu lo u s  s u b je c t s ,
18 m a le  and  12 fe m a le .  T h e i r  a g e s  ra n g e d  f ro m  19 y e a r s  to 
4 6  y e a r s  w i th  a m ean ag e  of 24 . 7 y e a r s .  S i x  s w a l lo w in g  
s e q u e n c e s  w e r e  p e r f o r m e d  by each  o f  29  s u b je c t s ,  w h i ls t  1 
s u b je c t  p e r f o r m e d  5 s e q u e n c e s .  A  to ta l  o f  179  s e q u e n c e s  
w a s  thus  a v a i l a b le  f o r  v ie w in g .
B e f o r e  co m m en c in g  a s w a l lo w in g  s e q u e n c e  s u b je c ts  
w e r e  o b s e r v e d  w i th  t h e i r  te e th  in c o n ta c t  at the  in te r c u s p a l  
p o s i t io n .  A s s e s s m e n t  o f  c o n ta c t  d u r in g  a s e q u e n c e  w a s  m ad e  
r e l a t i v e  to th e  in te r c u s p a l  p o s i t io n ,  and c o n ta c t  w a s  a s s u m e d  
to h a v e  o c c u r r e d  w i th  r a d io g r a p h ic  s u p e r im p o s i t io n  o f  th e
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cu sp s  o f  the u p p e r  and lo w e r  p o s t e r i o r  te e th .  T h e  r e s u l t s  
of th e  v is u a l  a n a ly s is  a r e  p r e s e n t e d  in T a b le  5 ,  4  and  
i n d ic a te  tha t o c c lu s a l  tooth  c o n ta c t  o c c u r r e d  in 5 7 .  5% o f  
s w a l lo w s  in the  p r e s e n t  s e r i e s .  C o m p a r is o n  of r e s u l t s  f o r  
m a le s  and fe m a le s  d id  not show  any s ig n i f ic a n t  d i f f e r e n c e  
(P >  . 8 ) .
T h e  v a l id i t y  o f th e  v is u a l  a n a l y s i s ,  h o w e v e r ,  is  
d e p e n d e n t  upon the  a b i l i t y  o f the  o b s e r v e r  to a s s e s s  a c c u r a t e ly  
e v e n ts  in a r a p id l y  m ov ing  s e q u e n c e .  A lth o u g h  it  has  been  
d e m o n s t ra te d  ( C h a p t e r  12) that d i f f e r e n c e s  b e tw e e n  s e p a r a t e  
i n v e s t i g a t o r s ,  and s u c c e s s iv e  o b s e r v a t io n s  o f  the s a m e  
i n v e s t ig a t o r  w e r e  not s t a t i s t i c a l l y  s ig n i f i c a n t ,  th is  d oes  not  
y ie ld  any in fo r m a t io n  r e g a r d in g  the  p r e c is io n  of the  
in v e s t ig a t io n .  In a d d i t io n ,  the  v is u a l  a n a ly s is  is  b ia s e d  
t o w a r d s  o c c lu s a l  to o th  c o n ta c t ,  as  c o n ta c t  w a s  a s s u m e d  to be  
p r e s e n t  on s u p e r im p o s i t io n  o f  o p p o s in g  c u s p s .  It  is  t h e r e f o r e  
e s s e n t ia l l y  a p r e l i m i n a r y  a n a ly s is  w h ic h  a lth o u g h  y ie ld in g  
in fo rm a t io n  is  open  to a c o n s id e r a b le  d e g r e e  o f  e r r o r .
1 6. 3 M e a s u re m e n t  A n a ly s is
F o r  the  p u r p o s e s  o f m e a s u re m e n t  a n a ly s is  it w a s  
n e c e s s a r y  to e l im in a t e  2 s u b je c ts  due to la c k  o f  c l a r i t y  in  
the  r a d io g r a p h i c  im ag e  and c o n s e q u e n t  d i f f i c u l t y  in th e  
a c c u r a t e  lo c a t io n  o f  r e f e r e n c e s  fo rm  w h ic h  m e a s u r e m e n ts  
co u ld  b e  m ade. O f  th e  28  s u b je c ts  r e m a in in g  f o r  a n a ly s is  
16  w e r e  m a le  and  12 w e r e  f e m a le ,  t h e i r  a g e s  r a n g in g  f ro m  
1 9 to 4 6  y e a r s  w i th  a m ean a g e  o f  2 5  y e a r s .  A  to ta l o f  1 67  
s e q u e n c e s  w e r e  a v a i l a b l e  f o r  a n a ly s is .
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O c c lu s a l  T o o th  C o n ta c t
T h e  e s t im a t io n  o f  o c c lu s a l  tooth  c o n ta c t  w a s  m ade  
f ro m  m e a s u re m e n ts  f ro m  th e  u p p e r  le a d  p e l l e t s  in both the  
i n c is o r  and p r e m o la r  r e g io n  p e r p e n d ic u la r l y  to th e  l in e  C D  
( F ig .  3 , 1 1 ) .  P r e s e n c e  o f  c o n ta c t  w a s  d e te r m in e d  by  
c o m p a r is o n  o f  m e a s u re m e n ts  o b ta in e d  d u r in g  th e  s w a l lo w in g  
s e q u e n c e  w ith  a r e f e r e n c e  m e a s u re m e n t  o b ta in e d  w i th  the  
te e th  in th e  in te r c u s p a l  p o s i t io n .
T h e  r e c o r d e d  m e a s u re m e n ts  f o r  both  the  in c is o r  
and p r e m o l a r  re g io n s  a r e  p r e s e n t e d  in T a b l e  5 ,  5a  and 5 b ,  
and the  in c id e n c e  o f  o c c lu s a l  tooth  c o n ta c t  th ro u g h o u t  the  
s e q u e n c e s  is  show n in T a b le  5 ,  6.
P o s i t io n  o f C o n ta c t
T h e  p o s i t io n  o f  o c c lu s a l  tooth  c o n ta c t  is  not n e c e s s a r i l y  
the  in te r c u s p a l  p o s i t io n ,  a l th o u g h  th is  w a s  the  p o s i t io n  o f  
r e f e r e n c e  in the  p r e s e n t  s tu d y . C o n ta c t  o f  te e th  may o c c u r  
l a t e r a l l y ,  m e d ia l l y ,  a n t e r i o r l y  o r  p o s t e r i o r l y  to th e  in te r c u s p a l  
p o s i t io n .  A s  the p r e s e n t  in v e s t ig a t io n s  w e r e  r e s t r i c t e d  to j a w  
r e la t io n s h ip s  in the s a g i t ta l  p la n e ,  o n ly  p o s i t io n s  o f  c o n ta c t  
a n t e r i o r  o r  p o s t e r i o r  to th e  in t e r c u s p a l  p o s i t io n  can  be  
c o n s id e r e d .  A c c o r d in g ly  th e  p o s i t io n  o f  tooth  c o n ta c t  
d u r in g  s w a l lo w in g  w a s  c o m p a re d  to th e  p o s i t io n  o f tooth  c o n ta c t  
at the  in t e r c u s p a l  p o s i t io n ,  in o r d e r  to d e t e r m in e  an y  p o s s ib le  
d i f f e r e n c e  in the  a n t e r o - p o s t e r i o r  r e la t io n s h ip  o f  th e  j a w s  and  
te e th .  T h e  m e a s u re m e n t  u s e d  f o r  c o m p a r is o n  w a s  th e  d is ta n c e  
f r o m  th e  a n t e r i o r  lo w e r  le a d  p e l le t  to th e  p o in t  a t  w h ic h  a 
p e r p e n d i c u l a r  f r o m  the p o s t e r i o r  u p p e r  le a d  p e l l e t
-  114 -
i n t e r s e c t e d  the  l in e  C D  ( F i g .  3 , 1 1 ) .  D i f f e r e n c e s  w e r e  
c o n v e r te d  to t r u e  v a lu e s  u s in g  the  c o r r e c t io n  f a c t o r  
( C h a p t e r  1 0 ) ,  and a r e  p r e s e n t e d  in T a b le  5 , 7 .
F in a l  M a n d ib u la r  P o s i t io n
T h e  p o s i t io n  ad o p ted  by the  m a n d ib le  a f t e r  s w a l lo w in g  
is  w id e ly  h e ld  to be  the  r e s t  ja w  r e la t io n s h ip  a t w h ic h  som e  
d e g r e e  o f  in te r o c c lu s a l  c l e a r a n c e  is  p r e s e n t  ( T H O M P S O N  
1 9 4 6 ,  F E N N  et a l .  1 9 6 1 ) .  In the  p r e s e n t  s tud y  the am ount of 
in te r o c c lu s a l  c le a r a n c e  p r e s e n t  at the  te r m in a t io n  of  
s w a l lo w in g  w a s  d e te r m in e d  by c o m p a r in g  the  v e r t i c a l  d is ta n c e  
b e tw e e n  the ja w s  at the f in a l  m a n d ib u la r  p o s i t io n ,  w i th  th a t  
at the in te r c u s p a l  p o s i t io n  as  d e s c r ib e d  a b o v e . M e a s u r e m e n ts  
w e r e  m ade f ro m  27  s u b je c ts  and the v a lu e s  f o r  the  in te r o c c lu s a l  
c le a r a n c e  a r e  p r e s e n te d  in T a b l e  5 , 8 .
1 6. 4  D is c u s s io n
O c c lu s a l  T o o th  C o n ta c t
T h e  f lu o r o g r a p h ic  in v e s t ig a t io n  has  c o n f i rm e d  f in d in g s  
by p r e v io u s  in v e s t ig a t o r s  ( R I X  1 9 4 6 ,  C L E A L L  1 9 6 5 ,  M 0 L L E R  
1 9 6 6 ,  I N G E R V A L L  et a l .  1971 ) th a t  th e  a c t  o f  s w a l lo w in g  m ay  
be p e r f o r m e d  w ith  o r  w ith o u t  o c c lu s a l  tooth  c o n ta c t .  In the  
s u b je c ts  s tu d ie d  tooth  c o n ta c t  d u r in g  s w a l lo w in g  w a s  p r e s e n t  
in 20  o f  28  s u b je c ts  ( 7 1 . 4 % )  a l th o u g h  not i n v a r ia b ly  p r e s e n t  
in e v e r y  s e q u e n c e .  C o n ta c t ,  h o w e v e r ,  w a s  p r e s e n t  on o n ly  
82  o f  167  s e q u e n c e s  (4 9 .  1 % ) .  T h is  l a r g e  d is c r e p a n c y  is  
e x p la in e d  by the  fa c t  tha t in m any s u b je c ts  c o n ta c t  w a s  
p r e s e n t  in som e s e q u e n c e s  but not in o t h e r s .  In o n ly  7 
s u b je c t s  w a s  too th  c o n ta c t  p r e s e n t  in a l l  s w a l lo w in g  s e q u e n c e s
-  1 1 5  -
and in 8 s u b je c ts  it  w a s  a b s e n t  in a l l  s e q u e n c e s .  T h e  
r e m a in d e r  (13  s u b je c ts )  d e m o n s tra te d  a v a r i a b i l i t y  in tooth  
c o n ta c t ,  b e in g  p r e s e n t  in som e s e q u e n c e s  but not in o t h e r s .
T h e  p e r c e n ta g e  o f s u b je c ts  w ho  d e m o n s t ra te d  too th  
c o n ta c t  at som e s ta g e  d u r in g  the  s w a l lo w in g  s e q u e n c e  
( 7 1 . 4 % )  a g r e e s  w e l l  w i th  tha t r e p o r t e d  by R I X  ( 6 9 . 6 % )  
and is  h ig h e r  than  that r e p o r t e d  by C L E A L L  (6 0 % )  and  
M 0 L L E R  ( 6 5 % ) .  T h e  m eth od s  o f  in v e s t ig a t io n  o f  th e s e  
w o r k e r s  w e r e  r e s p e c t i v e ly  v i s u a l ,  r a d io g r a p h ic  and  
e le c t r o m y o g r a p h ic  a s s e s s m e n ts .  T h e  f r e q u e n c ie s  o f  too th  
c o n ta c t  r e p o r t e d  w e r e  w i th  r e f e r e n c e  to th e  s w a l lo w in g  o f  
s a l iv a .  T h e  s u b je c ts  in v o lv e d  in the in v e s t ig a t io n s  w e r e  young  
c h i ld r e n  ( R I X ) ,  a d o le s c e n ts  ( C L E A L L )  and a d u l ts  ( M 0 L L E R ) .  
T h e  r e s u l t s  o f  th e s e  in v e s t ig a t o r s  f o r  th e  in c id e n c e  o f to o th  
c o n ta c t  d u r in g  s w a l lo w in g ,  to g e th e r  w i th  s i m i l a r  r e s u l t s  f r o m  
the  p r e s e n t  s tudy  a r e  p r e s e n t e d  in T a b le  5 , 9 .
C o m p a r is o n  of th e  p r e s e n t  r e s u l t s  w i th  th o s e  o f p r e v io u s
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in v e s t ig a t o r s  w a s  m ade u s in g  a X  t e s t .  T h e  g r e a t e s t  
d i f f e r e n c e  r e c o r d e d  (1 1 % )  w a s  b e tw e e n  r e s u l t s  in th e  p r e s e n t  
s tudy  and th o s e  o f C L E A L L .  T h i s  d i f f e r e n c e ,  h o w e v e r ,  w a s  
not s t a t i s t i c a l l y  s ig n i f ic a n t  (p >  . 2 ) .  T h e  d i f f e r e n c e s  b e tw e e n  
p r e s e n t  s tu d y  and th e  r e s u l t s  o f R I X  and o f  M 0 L L E R  a r e  e v e n  
le s s  s ig n i f ic a n t  (p >  . 8 and  p >  . 5 ) .
T h e  c lo s e  c o r r e l a t i o n  b e tw e e n  the  p r e s e n t  r e s u l t s  and  
th o s e  o f  o t h e r  w o r k e r s  s t r o n g ly  s u g g e s t  tha t  o c c lu s a l  too th  
c o n ta c t  is  to be  e x p e c te d  in the  m a jo r i t y  o f  s u b je c ts  d u r in g  
a s w a l lo w in g  s e q u e n c e .  In  th e  p r e s e n t  s tu d y  the  r e s u l t s
-  1 16  -
h a v e  b een  d e te r m in e d  f ro m  a g r e a t e r  n u m b e r  o f  s w a l lo w in g  
s e q u e n c e s  f o r  each  p a t ie n t  than  in the  o t h e r  s tu d ie s .  It  is  
c l e a r  th a t  tooth  c o n ta c t  d u r in g  s w a l lo w in g  is  not n e c e s s a r i l y  
p r e s e n t  in e v e r y  s e q u e n c e  and th a t v a r i a b i l i t y  o c c u r s  in 
s e q u e n c e s  f r o m  the  sam e in d iv id u a l .
T h e  lo w e r  in c id e n c e  o f  tooth  c o n ta c t  (4 9 .  1 % )  
th ro u g h o u t  the  to ta l n u m b e r  o f  s w a l lo w in g  s e q u e n c e s  w a s  n o ted  
as  b e in g  a s s o c ia te d  w ith  th e  i r r e g u l a r i t y  o f  tooth  c o n ta c t  in  
the  m a j o r i t y  o f  s u b je c ts .  In  a r a d io g r a p h ic  s tu d y ,  h o w e v e r ,  
I N G E R V A L L  et a l . (1 9 7 1 )  r e p o r t e d  tooth  c o n ta c t  o c c u r r i n g  
in 78%  o f  s w a l lo w s  in a s e r i e s  o f 63  s e q u e n c e s .  T w o  d i f f e r e n t  
m e d ia  f o r  s w a l lo w in g  w e r e  s e le c t e d ,  w a t e r  and b a r iu m  o f  
v a r y in g  v is c o s i t i e s .  In a d d i t io n ,  s w a l lo w in g  w a s  p e r f o r m e d  
both b e f o r e  and a f t e r  a n a e s t h e t is in g  th e  c a p s u le s  o f  the  
t e m p o r o m a n d ib u la r  jo in t s .  W i th  the  in t r o d u c t io n  o f  such  
v a r i a b l e s  it  is  p e r h a p s  u n r e a l i s t i c  to s ta te  th a t  tooth  c o n ta c t  
o c c u r s  in 73%  o f  s e q u e n c e s .  It  is  n o te d ,  h o w e v e r ,  th a t  w hen  
s w a l lo w in g  w a t e r  (w i th  both a n a e s th e t is e d  and n o n - a n a e s t h e t is e d  
jo in t  c a p s u le s )  th a t  the  in c id e n c e  o f  tooth  c o n ta c t  is  r e d u c e d  
to 67%  in a s e r i e s  o f  21 s e q u e n c e s .  T h is  f i g u r e  a p p e a r s  
c o n s id e r a b ly  h ig h e r  than  th a t  fo u n d  in th e  p r e s e n t  s tu d y .  I f  
c o m p a re d  to th e  p r e s e n t  s tudy  u s in g  a X t e s t ,  h o w e v e r ,  th e  
d i f f e r e n c e  is  not s t a t i s t i c a l l y  s ig n i f i c a n t  (p >  . 1).
T h e  p e r c e n t a g e  in c id e n c e  o f  tooth  c o n ta c t  th ro u g h o u t  th e  
to ta l  n u m b e r  o f  s w a l lo w in g  s e q u e n c e s  in th e  t r a n s m i t t in g  co il  
s tu d y  (7 5 % )  w a s  c o n s id e r a b ly  g r e a t e r  than  th a t  r e c o r d e d  in  
th e  f l u o r o g r a p h i c  s tu d y .  C o m p a r is o n  o f  th e  r e s u l t s  in d ic a te d
-  1 17 -
that th is  d i f f e r e n c e  w a s  p r o b a b ly  s ig n i f ic a n t  (p <  . 0 5 ) .  T h is  
d i f f e r e n c e  m ight p o s s ib ly  be e x p la in e d  by v e r t i c a l  d is p la c e m e n t  
d u r in g  s w a l lo w in g ,  o f  the  r e c o r d  b lo c k s  w h ic h  c a r r i e d  the  
c o i l s ,  w h ic h  m ight r e s u l t  in c o n ta c t  o f  th e  c o i ls  b e f o r e  c o n ta c t  
of the  n a t u r a l  te e th .  A l t e r n a t i v e l y  i t  is  p o s s ib le  th a t  the  
p r e s e n c e  o f  b lo c k s  in the  mouth may h a v e  i n t e r f e r e d  w i th  
n a tu ra l  fu n c t io n ,  r e s u l t in g  in a h ig h e r  in c id e n c e  o f  tooth  
c o n ta c t .
P o s i t io n  o f C o n ta c t
It  has  b een  n o ted  ( C h a p t e r  4) tha t  th e  p o s i t io n  o f  o c c lu s a l  
tooth  c o n ta c t  d u r in g  s w a l lo w in g  may v a r y .  I t  h as  b een  s ta te d  
to be  at the  r e t r u d e d  c o n ta c t  p o s i t io n  ( K Y D D  and S A N D E R
1 9 6 1 ) ,  s o m e w h e r e  b e tw e e n  the  r e t r u d e d  c o n ta c t  p o s i t io n  and  
the  in t e r c u s p a l  p o s i t io n  ( R A M F J O R D  and A S H  1 9 7 1 ) ,  a t  e i t h e r  
the in te r c u s p a l  p o s i t io n  o r  the  r e t r u d e d  c o n ta c t  p o s i t io n  ( G R A F  
and Z A N D E R  1 9 6 3 ) ,  o r  m ost com m only  in the in te r c u s p a l  
posi t ion  ( P A M E I J E R  e t  a l .  1 9 7 0 ) .
In the  m a jo r i t y  o f s e q u e n c e s  in th e  p r e s e n t  s tu dy  (6 5 )  
c o n ta c t  o c c u r r e d  w ith  the  te e th  in th e  in t e r c u s p a l  p o s i t io n .
T h i s  is  in a g re e m e n t  w i th  the  f in d in g s  o f  M 0 L L E R  ( 1 9 6 6 ) ,  
P A M E I J E R  et  a l .  (1 9 7 0 )  and I N G E R V A L L  et a l .  (1 9 7 1 ) .
O f  th e  s e q u e n c e s  in w h ic h  c o n ta c t  o c c u r r e d  in a p o s i t io n  
o th e r  than th e  in t e r c u s p a l  p o s i t io n ,  16 c o n ta c ts  w e r e  p o s t e r i o r  
to i t  and o n e  w a s  a n t e r i o r  to i t .  T h e  v a r i a t i o n  in c o n ta c t  
p o s i t io n  w a s  r e s t r i c t e d  to s w a l lo w in g  s e q u e n c e s  f r o m  6 o f  
th e  s u b je c ts .  In s e q u e n c e s  in w h ic h  c o n ta c t  o c c u r r e d
-  118 -
p o s t e r i o r  to th e  in te r c u s p a l  p o s i t io n  th e  g r e a t e s t  d is c r e p a n c y  
r e c o r d e d  w a s  1. 2 mm and the  le a s t  0. 7 m m , the a v e r a g e  b e in g  
1 mm. W h e t h e r  o r  not th is  p o s i t io n  w a s  th e  r e t r u d e d  c o n ta c t  
p o s i t io n  o f  the ja w s  c o u ld  not be  d e t e r m in e d ,  as  no r e f e r e n c e  
m e a s u re m e n t  w a s  a v a i la b le  f o r  th is  p o s i t io n .  P O S S E L T  
(1 9 6 8 )  h o w e v e r ,  has in d ic a te d  that the  h o r iz o n t a l  d is ta n c e  
b e tw e e n  the  r e t r u d e d  c o n ta c t  p o s i t io n  and th e  in t e r c u s p a l  
p o s i t io n  se ld om  e x c e e d s  1 mm. In the  p r e s e n t  s tu d y  t h e r e f o r e  
it  w o u ld  a p p e a r  th a t the  p o s t e r i o r  p o s i t io n  o f  tooth  c o n ta c t  
may c lo s e ly  a p p ro a c h  th e  r e t r u d e d  c o n ta c t  p o s i t io n .
T o o th  c o n ta c t  a n t e r i o r  to the  in t e r c u s p a l  p o s i t io n  
o c c u r r e d  in o n ly  1 s e q u e n c e  out o f  8 2 .  A c c o r d i n g l y ,  no 
s ig n i f ic a n c e  can  be  a t ta c h e d  to such a r e s u l t .  It  s h o u ld  be  
n o te d ,  h o w e v e r ,  th a t  tooth  c o n ta c t  a n t e r i o r  to the  in t e r c u s p a l  
p o s i t io n  d u r in g  s w a l lo w in g  has been r e p o r t e d  by P A M E I J E R  
et a l .  (1 9 7 0 ) .
T h e  d i f f e r e n c e  b e tw e e n  the  in c id e n c e  o f  c o n ta c t  in a 
p o s i t io n  o t h e r  than the  in te r c u s p a l  p o s i t io n  in the  t r a n s m i t t in g  
co il  s tudy  (2 4  s e q u e n c e s  f r o m  4 5 )  and th a t  r e c o r d e d  in the  
f lu o r o g r a p h ic  s tu dy  w a s  h ig h ly  s ig n i f ic a n t  (p < . 0 0 1 ) .  T h is  
m ight be e x p la in e d  by d is p la c e m e n t  o f  the  r e c o r d  b lo c k s  o r  by  
c o n ta c t  in a l a t e r a l  p o s i t io n .  S u c h  d is p la c e m e n ts  c o u ld  c a u s e  
v a r i a t i o n s  in co il  r e la t io n s h ip s  r e s u l t in g  in c h a n g e s  in s ig n a l  
in te n s i ty .
F in a l  M a n d ib u la r  P o s i t io n
In the  p r e s e n t  s tu d y ,  o c c lu s a l  c o n ta c t  w a s  n o te d  at the  
t e r m in a t io n  o f  s w a l lo w in g  s e q u e n c e s  o f  16  s u b je c ts  ( 5 9 . 2 % )
-  119  -
f ro m  the 27  s u b je c ts  a v a i la b le  f o r  a n a ly s is .  T h is  p e r c e n ta g e  
is  h ig h e r  than that r e c o r d e d  in the  t r a n s m i t t in g  co il  s tu dy  
( 4 6 . 4 % )  but the  d i f f e r e n c e  b e tw e e n  th e  r e s u l t s  is  not  
s ig n i f ic a n t  (p A  . 1 ) .  T h e  re m a in in g  11 s u b je c ts  d e m o n s t ra te d  
v a r y in g  d e g r e e s  of in t e r o c c lu s a l  s e p a r a t io n .  A l th o u g h  the  
e x is te n c e  o f in te r o c c lu s a l  c l e a r a n c e  is  not e v id e n c e  o f  r e s t  
j a w  r e l a t i o n s h i p ,  it is  a c c e p te d  tha t w h en  th e  m a n d ib le  is  at  
r e s t  j a w  r e la t io n s h ip  som e in t e r o c c lu s a l  c l e a r a n c e  is  
p r e s e n t  ( O S B O R N E  1 9 4 9 ,  B E R R Y  1 9 6 0 ,  M A C K  1 9 6 4 ) .
O c c lu s a l  tooth  c o n ta c t  o c c u r r e d  in the  m a jo r i t y  o f  s u b je c ts  
at the  te r m in a t io n  o f  s w a l lo w in g  s e q u e n c e s  in th e  p r e s e n t  
study  w h ic h  in d ic a te d  that the  a c t io n  o f  s w a l lo w in g  w a s  
u n r e l i a b l e  to d e te r m in e  the  r e s t  j a w  r e la t io n s h ip .
1 6. 5 C o n c lu s io n s  and Com m ent
It  a p p e a r s  th a t a l th o u g h  th e  m a jo r i t y  o f s u b je c ts  sh o w ed  
e v id e n c e  o f  tooth  c o n t a c t ,  th is  c o n ta c t  is  not i n v a r ia b ly  p r e s e n t .  
T h e  p e r c e n t a g e  o f  c o n ta c ts  o c c u r r i n g  in a n u m b e r  o f  s w a l lo w in g  
s e q u e n c e s  t h e r e f o r e  g iv e s  no in d ic a t io n  o f th e  p e r c e n t a g e  o f  
s u b je c ts  who m ight d e m o n s t r a te  c o n ta c t .  T h e  i r r e g u l a r i t y  o f  
in c id e n c e  o f  c o n ta c t  e m p h a s is e s  th e  im p o r ta n c e  o f o b s e r v in g  
s e v e r a l  s e q u e n c e s  f ro m  a s in g le  s u b je c t .  S i m i l a r l y  i f  the  
te c h n iq u e  is  b e in g  u sed  c l i n i c a l l y  then  a p a t ie n t  s h o u ld  be  
e n c o u ra g e d  to p e r f o r m  s e v e r a l  s e q u e n c e s .
F r o m  c o m p a r is o n  o f th e  f l u o r o g r a p h ic  s tudy  w i th  the  
in v e s t ig a t io n s  o f  o t h e r  w o r k e r s  t h e r e  a p p e a r s  l i t t l e  d i f f e r e n c e  
e i t h e r  in the  in c id e n c e  o f  too th  c o n ta c t  b e tw e e n  c h i ld r e n  and  
a d u l ts  d u r in g  s w a l lo w in g ,  o r  b e tw e e n  s w a l lo w in g  o f  w a t e r  and
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s w a l lo w in g  o f  s a l iv a .  A l th o u g h  the  in c id e n c e  o f too th  c o n ta c t  
in th e  t r a n s m i t t in g  co il  s tud y  a p p e a r s  h igh  it  is  p o s s ib le ,  f o r  
th e  re a s o n s  a l r e a d y  s ta te d ,  tha t it w a s  b ia s e d  to w a r d s  
c o n ta c t .  E x c e s s iv e  e m p h a s is  s h o u ld  not t h e r e f o r e  be p la c e d  
on the  r e s u l t s  f ro m  the  t r a n s m i t t in g  co il  s tu d y .
T h e  p o s i t io n  o f  c o n ta c t  is  m ost co m m only  the  
in te r c u s p a l  p o s i t io n .  In s e q u e n c e s  w h e r e  c o n ta c t  w a s  o u tw ith  
the  in te r c u s p a l  p o s i t io n  it  o c c u r r e d  m ost o f te n  in a r e t r u s i v e  
p o s i t io n  and ten d ed  to be  d e m o n s tra te d  o v e r  s e v e r a l  s e q u e n c e s  
by c o m p a r a t iv e ly  fe w  s u b je c ts .  T h is  p o s i t io n  a lth o u g h  
r e t r u s i v e  to the  in te r c u s p a l  p o s i t io n  w a s  n o t n e c e s s a r i l y  the  
r e t r u d e d  c o n ta c t  p o s i t io n .  T h e  o b s e r v a t io n s  in th e  p r e s e n t  
study  w e r e  r e s t r i c t e d  to the  s a g i t ta l  p la n e  and it  is  p o s s ib le  
that d e v ia t io n  f r o m  c o n ta c t  a t the in te r c u s p a l  p o s i t io n  may  
a ls o  o c c u r  in th e  c o ro n a l  p la n e .  T h is  m ig h t p a r t i a l l y  ac c o u n t  
f o r  the  h ig h e r  in c id e n c e  o f c o n ta c t  o u tw i th  th e  in t e r c u s p a l  
p o s i t io n  r e c o r d e d  in th e  t r a n s m i t t in g  co il  s tu d y  as  c h a n g e  o f  
co il  r e la t io n s h ip s  in both s a g i t ta l  and c o ro n a l  p la n e s  co u ld  
be r e c o r d e d .
T h e  r e la t io n s h ip  o f  the  j a w s  a t the  t e r m in a t io n  of  
s w a l lo w in g  s e q u e n c e s  w a s  v a r i a b l e ,  but o c c lu s a l  too th  
c o n ta c t  w a s  p r e s e n t  in o v e r  50%  o f  c a s e s .  A s  r e s t  j a w  
r e la t io n s h ip  is  a s s o c ia te d  w i th  som e d e g r e e  o f  
in te r o c c lu s a l  c l e a r a n c e  th e  a c t io n  o f  s w a l lo w in g  c an n o t be  
r e g a r d e d  as  u s e fu l  in e s t a b l is h in g  the  r e s t  ja w  r e l a t io n s h ip .
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T H E  F L U O R O G R A P H I C  S T U D Y  :
E D E N T U L O U S  S U B J E C T S  
1 7. 1 In t r o d u c t io n
T h e  a n a ly s is  o f s w a l lo w in g  s e q u e n c e s  f r o m  e d e n tu lo u s  
s u b je c ts  in v o lv e d  m e a s u re m e n ts  o f  the v e r t i c a l  p o s i t io n  o f the  
m a n d ib le  r e l a t i v e  to th e  m a x i l l a ,  and w a s  d i r e c t e d  as  fo l lo w s
i) to e s t a b l is h  w h e t h e r  o r  not a c o n s ta n t  and
r e p r o d u c ib le  v e r t i c a l  j a w  r e la t io n s h ip  e x is te d
in the  e d e n tu lo u s  s u b je c t  d u r in g  s w a l lo w in g .  T h i s  
j a w  r e la t io n s h ip  w i l l  be r e f e r r e d  to in the te x t  as  
the s w a l lo w in g  le v e l .
i i )  to e x a m in e  th e  r e la t io n s h ip  b e tw e e n  the  s w a l lo w in g  
le v e l  and the  " r e l a x e d "  p o s i t io n  o f  the  m a n d ib le  
p r i o r  to co m m en cem en t o f  th e  s w a l lo w in g  s e q u e n c e s .
i i i )  to c o m p a re  the  v e r t i c a l  r e la t io n s h ip  o f  the  m a n d ib le  
to the m a x i l l a  in the  " r e l a x e d 11 p o s i t io n  p r i o r  to 
co m m en cem en t o f  th e  s w a l lo w in g  s e q u e n c e s ,  w ith  
tha t r e c o r d e d  a f t e r  c o m p le t io n  o f  the  s e q u e n c e s ,  
the  f in a l  ja w  s e p a r a t io n .
S w a l lo w in g  s e q u e n c e s  f o r  e d e n tu lo u s  s u b je c ts  w e r e  
s u b je c te d  o n ly  to a m e a s u re m e n t  a n a ly s is .
1 7. 2 M e a s u r e m e n t  A n a ly s is
T h e  d a ta  f o r  a n a ly s is  w a s  o b ta in e d  f ro m  s w a l lo w in g  
s e q u e n c e s  f o r  20  s u b je c t s ,  7 m a le  and  13 fe m a le .  T h e i r  
a g e s  r a n g e d  f r o m  39 y e a r s  to 7 5  y e a r s  w i th  a m ean ag e  o f  
5 9  y e a r s .  T h e  r a n g e  o f  d is p e r s io n  a ro u n d  the  m ean  w a s  
f a i r l y  l a r g e  ( s t a n d a r d  d e v ia t io n  = 1 1 . 9 3 ) .  E a c h  s u b je c t
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p e r f o r m e d  6 s w a l lo w in g  s e q u e n c e s ,  m a k in g  120 s e q u e n c e s  
a v a i l a b le  f o r  a n a ly s is .
A l l  e s t im a t io n s  o f  the  v e r t i c a l  j a w  s e p a r a t io n  b e tw e e n  
the  m a n d ib le  and m a x i l la  w e r e  m ade f ro m  p o in t  X  p e r p e n d ic u l a r  
to the  m a n d ib u la r  l in e  and f ro m  p o in t  X  to w h e r e  a l in e  
p e r p e n d ic u la r  to the  n a s a l  l in e  and p a s s in g  th ro u g h  p o in t  X  
i n t e r s e c t e d  the  m a n d ib u la r  l in e  ( F ig .  3 , 1 1 ) .  T h e  f o r m e r  
m e a s u re m e n t  g ave  an in d ic a t io n  o f ja w  s e p a r a t io n  in th e  
r e g io n  w h e r e  the p r e m o l a r / m o l a r  te e th  had b e e n ,  and the  
l a t t e r  in the r e g io n  w h e r e  the  in c is o r  te e th  had  b een .
T h e  S w a l lo w in g  L e v e l
T h e  r e c o r d e d  m e a s u re m e n ts  o f  v e r t i c a l  j a w  s e p a r a t io n  
d u r in g  e a c h  s w a l lo w in g  s e q u e n c e  f r o m  e a c h  s u b je c t ,  to g e th e r  
w ith  t h e i r  m ean v a lu e s  a r e  p r e s e n te d  in T a b l e  5 ,  10a  and  10b  
T h e  m ean  v a lu e  f o r  th e  s w a l lo w in g  t h r e s h o ld  w a s  u s e d  a s  a 
r e f e r e n c e  to w h ic h  th e  o t h e r  v a lu e s  in th e  s e q u e n c e  w e r e  
c o m p a r e d ,  as d e s c r ib e d  in C h a p t e r  15. A  r e p r o d u c ib le  
s w a l lo w in g  le v e l  w a s  o n ly  c o n s id e r e d  p r e s e n t  i f  a t  le a s t  
3 o f  the  r e a d in g s  f o r  ja w  s e p a r a t io n  fe l l  w i t h in  th e  r a n g e  o f  
v a r i a b i l i t y  o f the  m ean . T h e  m ean  r e a d in g ,  i ts  r a n g e  o f  
v a r i a b i l i t y  and th e  n u m b e r  o f  r e a d in g s  w i th in  and  w i th o u t  
tha t  r a n g e  a r e  p r e s e n te d  in T a b le  5 ,  11a  and 11b f o r  both  
p r e m o l a r / m o l a r  and in c is o r  r e g io n s .  T h e  r e s u l t s  in d ic a te  
that a r e p r o d u c ib l e  s w a l lo w in g  le v e l  w a s  p r e s e n t  in 18 
s u b je c ts  and a b s e n t  in 1 s u b je c t  as  e v id e n c e d  by m e a s u r e m e n ts  
in bo th  th e  p r e m o la r  and in c is o r  r e g io n s .  O n e  f u r t h e r  
s u b je c t  w a s  c la s s e d  as  dou btfu l  as  a r e p r o d u c ib l e  le v e l
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a p p e a r e d  to e x is t  in the  in c is o r  re g io n  f o r  3 s e q u e n c e s ,  
but d id  not a p p e a r  to e x is t  in th e  p r e m o l a r /m o l  a r  r e g io n .
T h e  r e la t io n s h ip  b e tw e e n  th e  s w a l lo w in g  le v e l  and the  
" r e l a x e d "  p o s i t io n  of the m a n d ib le  w a s  d e te r m in e d  by  
c o m p a r in g  the  m ean v a lu e  f o r  the  v e r t i c a l  j a w  s e p a r a t io n  
th ro u g h o u t  the s w a l lo w in g  s e q u e n c e s  f o r  e a c h  s u b je c t  w i th  
the  c o r r e s p o n d in g  v a lu e  f o r  the  " r e l a x e d "  p o s i t io n  o f  the  
m a n d ib le  at the  com m en cem ent o f  s e q u e n c e s .  T h is  h a s  b een  
p r e s e n t e d  as  a s c a t t e r  d ia g ra m  f o r  both  in c is o r  and p r e m o l a r  
re g io n s  ( F ig .  5 ,  3a  and 3 b ) ,  the  v a lu e  f o r  th e  " r e l a x e d "  
p o s i t io n  b e in g  p lo t te d  a g a in s t  the v a lu e  f o r  the  m ean  
s w a l lo w in g  le v e l  f o r  each  s u b je c t .  I f  th e  v a lu e  f o r  the  
s w a l lo w in g  le v e l  f a l l s  w i th in  +  2 s ta n d a r d  d e v ia t io n s  o f  the  
v a lu e  f o r  the  " r e l a x e d "  p o s i t io n  c a lc u la t e d  as  d e s c r ib e d  in  
C h a p t e r  1 2 ,  then it  is  in d is t in g u is h a b le  f r o m  the  r e la x e d  
p o s i t io n  and w i l l  f a l l  w i th in  the  d o u b le  l in e s  on the  d ia g r a m .
In o n ly  a fe w  c a s e s  (2  in th e  in c is o r  r e g io n  and 4  in the  
p r e m o l a r  r e g io n )  do th e  m ean  s w a l lo w in g  le v e l  and  th e  " r e l a x e d "  
p o s i t io n  c o r r e s p o n d .  T h e  m a jo r i t y  o f  p o in ts  a r e  o u tw ith  th e  
r a n g e  o f  the " r e l a x e d "  p o s i t io n  and in d ic a te  th a t  the  v e r t i c a l  
j a w  s e p a r a t io n  d u r in g  s w a l lo w in g  is  le s s  than  th a t  a t th e  
" r e l a x e d "  p o s i t io n  in 12 s u b je c ts  and g r e a t e r  in 4  s u b je c ts .
1 7 . 2 . 2  F in a l  M a n d ib u la r  P o s i t io n
C o m p a r is o n  b e tw e e n  the  v e r t i c a l  j a w  s e p a r a t io n  at  
th e  " r e l a x e d "  p o s i t io n  p r i o r  to com m encem ent o f  s e q u e n c e s ,  
and th a t  a f t e r  c o m p le t io n  o f  s e q u e n c e s  is  a ls o  p r e s e n t e d  in
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the  fo r m  o f  s c a t t e r  d ia g r a m s  ( F i g .  5 ,  4 a  and 4b) as  d e s c r ib e d  
ab o v e .  F r o m  th e s e  d ia g r a m s  it  is  c l e a r  that a p p r o x im a te ly  
50%  o f  s u b je c ts  show a v e r t i c a l  j a w  s e p a r a t io n  a t  the  
c o m p le t io n  of s w a l lo w in g  w h ic h  is  in d is t in g u is h a b le  f r o m  th e  
v e r t i c a l  ja w  s e p a r a t io n  at th e  " r e l a x e d "  p o s i t io n .  O f  the  
r e m a in d e r ,  in 4 0 %  o f  s u b je c ts  the v e r t i c a l  j a w  s e p a r a t io n  
w a s  le s s  than  th a t  a t  the " r e l a x e d "  p o s i t io n  and in 10%  of  
s u b je c ts  it  w a s  g r e a t e r .
1 7 . 3  D is c u s s io n
L i t t l e  is  r e p o r t e d  in the  l i t e r a t u r e  r e g a r d in g  v e r t i c a l  
ja w  s e p a r a t io n  in e d e n tu lo u s  s u b je c ts  d u r in g  s w a l lo w in g .  T h e  
p r e s e n t  r e s u l t s ,  h o w e v e r ,  a p p e a r  to in d ic a t e  th a t a r e p r o d u c ib le  
s w a l lo w in g  le v e l  is  p r e s e n t  in the  m a jo r i t y  o f s u b je c ts  o v e r  a 
l im i te d  p e r io d  o f  t im e . I f  a nu ll  h y p o th e s is  o f  r e p r o d u c ib le  
s w a l lo w in g  le v e l  is  a s s u m e d  and th e  p r e s e n t  r e s u l t s  c o m p a re d  
to i t  u s in g  a ) ^ t e s t  the d i f f e r e n c e  is  not s t a t i s t i c a l l y  s ig n i f ic a n t  
(p "> . 2 ) and the  h y p o th e s is  o f a r e p r o d u c ib le  s w a l lo w in g  
le v e l  c an n o t be r e je c t e d .
T h e  " r e l a x e d "  p o s i t io n  to w h ic h  th e  s w a l lo w in g  le v e l  
has  b een  c o m p a re d  is  a c l in ic a l  s i tu a t io n  w h ic h  is  thou gh t to  
c o r r e s p o n d  to th e  r e s t  j a w  r e la t io n s h ip .  It can n o t be  s ta te d  
w ith  any  c e r t a i n t y ,  h o w e v e r ,  w h e t h e r  o r  not the m a n d ib le  and  
i ts  a s s o c ia te d  m u s c u la tu r e  a r e  a t  a t r u e  r e s t  r e la t io n s h ip .  A  
t r u e  d e te r m in a t io n  o f  th is  r e q u i r e s  r e c o r d in g s  o f  th e  e l e c t r i c a l  
a c t i v i t y  o f  the  m u s c le s  c o n t r o l l in g  the  m a n d ib u la r  p o s i t io n .  
N e v e r t h e l e s s ,  the  " r e l a x e d "  ja w  r e la t io n s h ip  in th e  p r e s e n t  
stu d y  c o r r e s p o n d s  to th e  r e s t  j a w  r e la t io n s h ip  o b ta in e d  by
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the c l in ic ia n .  T h e  p e r c e n t a g e  o f  e d e n tu lo u s  s u b je c ts  (6 0 % )  
d e m o n s t r a t in g  a v e r t i c a l  ja w  s e p a r a t io n  d u r in g  s w a l lo w in g  
o f le s s  than that at the  " r e l a x e d "  p o s i t io n  may be c o m p a re d  to  
the d e n tu lo u s  s u b je c ts  who d e m o n s tr a te d  o c c lu s a l  tooth  
c o n ta c t  d u r in g  s w a l lo w in g  (o c c lu s a l  tooth  c o n ta c t  m ust a ls o  
o c c u r  at a v e r t i c a l  j a w  s e p a r a t io n  w h ic h  is  le s s  than th a t at 
the r e la x e d  o r  r e s t  p o s i t io n ) .  T h e  d i f f e r e n c e  b e tw e e n  r e s u l t s  
f ro m  the tw o g ro u p s  o f  s u b je c ts  w h en  s u b je c te d  to a X *  te s t  
is  not s ig n i f ic a n t  (p >  . 5 ) .
O n  c o m p a r in g  the v e r t i c a l  ja w  s e p a r a t io n  a t the  end o f  
the s w a l lo w in g  s e q u e n c e ,  it  w o u ld  a p p e a r  to in d ic a t e ,  as  in 
the p r e v io u s  s e c t io n s  o f  th is  s tudy  ( C h a p t e r s  1 4* and 16) tha t  
a h igh  p e r c e n t a g e  o f  s u b je c ts  (5 0 % )  do not d e m o n s t r a te  a r e s t  
ja w  r e la t io n s h ip  f o l lo w in g  a s w a l lo w in g  s e q u e n c e ,  and is  
f u r t h e r  e v id e n c e  o f  th e  u n r e l i a b i l i t y  o f  u s in g  s w a l lo w in g  as  a 
m ethod f o r  d e te r m in in g  the  r e s t  j a w  r e la t io n s h ip .
1 7. 4 C o n c lu s io n s  and C om m ent
A lth o u g h  the s w a l lo w in g  le v e l  in e d e n tu lo u s  s u b je c ts  
has in d ic a te d  some d e g r e e  o f  c o n s ta n c y  and r e p r o d u c ib i l  i ty  
it  does  not im p ly  th a t each  s u b je c t  w i l l  d e m o n s t r a te  
p e r m a n e n t ly  a c o n s ta n t  and r e p r o d u c i b le  s w a l lo w in g  le v e l .  
I n v e s t ig a t io n  in to  such a h y p o th e s is  w o u ld  r e q u i r e  a 
lo n g itu d in a l  s tudy  e x te n d in g  o v e r  m any y e a r s .  R a t h e r  d o e s  
it  in d ic a te  th a t such r e p r o d u c ib i  I i ty is  p r e s e n t  o v e r  a l im i te d  
r a n g e  o f  t im e .
T h e r e  a p p e a r s  to be som e c o r r e l a t i o n  b e tw e e n  
d e n tu lo u s  and e d e n tu lo u s  s u b je c ts  w h en  c o m p a r in g  the
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s w a l lo w in g  le v e l  r e l a t i v e  to th e  " r e l a x e d "  p o s i t io n .  It  i s ,  
h o w e v e r ,  im p o s s ib le  to d e t e r m in e  w h e t h e r  t h e r e  is  any  
c o r r e l a t i o n  b e tw e e n  the  s w a l lo w in g  le v e l  o f  a s u b je c t  w h en  
e d e n tu lo u s  and the  s w a l lo w in g  le v e l  d e m o n s tr a te d  b e f o r e  
e x t r a c t io n  o f  the  n a tu r a l  te e th .  S u c h  in fo r m a t io n  co u ld  o n ly  
be o b ta in e d  by s e r i a l  and lo n g itu d in a l  s tu d ie s  o f  s u b je c ts  
b e f o r e  and a f t e r  e x t r a c t io n  o f  t h e i r  n a tu r a l  te e th .
F u r t h e r  e v id e n c e  h as  b een  p ro d u c e d  o f  the u n r e l i a b i l i t y  
of u s in g  the  fu n c t io n  o f s w a l lo w in g  to e s t a b l is h  th e  r e s t  j a w  
r e la t io n s h ip .
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T H E  F L U O R O G R A P H I C  S T U D Y  :
E D E N T U L O U S  S U B J E C T S  W I T H  D E N T U R E S
1 8 .1  In t ro d u c t io n
In v e s t ig a t io n  o f  s w a l lo w in g  s e q u e n c e s  f ro m  
e d e n tu lo u s  p a t ie n ts  w e a r in g  c o m p le te  d e n tu r e s  w a s  
l im i te d  to a m e a s u re m e n t  a n a ly s is .  T h i s  a n a ly s is  w a s  
d i r e c t e d  to :
i) the p r e s e n c e  o r  a b s e n c e  o f o c c lu s a l  tooth  c o n ta c t  
of c o m p le te  d e n tu r e s  im m e d ia te ly  p r i o r  to o r  
d u r in g  a s w a l lo w in g  s e q u e n c e
i i )  the  e f fe c t  on o c c lu s a l  too th  c o n ta c t  d u r in g  
s w a l lo w in g  r e s u l t in g  f ro m  r e d u c t io n  o f the  
v e r t i c a l  d im e n s io n  o f  o c c lu s io n  o f  th e  d e n tu r e s .
i i i )  the  p o s i t io n  o f o c c lu s a l  tooth  c o n ta c t  i f  and w h en  
it  o c c u r r e d
iv )  th e  v e r t i c a l  ja w  p o s i t io n  at the  t e r m in a t io n  of  
the  s w a l lo w in g  s e q u e n c e s .
T h i s  s e c t io n  o f the  in v e s t ig a t io n  w a s  p e r f o r m e d  on  
10 s u b je c t s ,  3 m a le  and 7 fe m a le .  T h e i r  a g e s  ra n g e d  f r o m  
4 4  to 78 y e a r s  w i th  a m ean ag e  o f  59 . 9 y e a r s .  A l l  the  
s u b je c ts  had been  w e a r i n g  t h e i r  d e n tu r e s  w ith o u t  
d is c o m fo r t  and  had b een  in p o s s e s s io n  o f  them  f o r  not le s s  
than 2 m o nth s  and not m o r e  than 1 2 m o nths . A  d e n tu r e  
ad h e s iv e ^  w a s  u s e d  in a l l  c a s e s  to le s s e n  th e  p o s s ib i l i t y
1 S t e r a - f i x  : R e c k i t t  and S o n s  L t d .  , H u l l  and L o n d o n
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o f  d is p la c e m e n t  of the d e n tu r e s  d u r in g  s w a l lo w in g  
( S H E P P A R D  and S H E P P A R D  1 9 6 8 ) .  E a c h  s u b je c t  
p e r f o r m e d  3 s w a l lo w in g  s e q u e n c e s  w i th  t h e i r  d e n t u r e s  at  
a v e r t i c a l  d im e n s io n  o f  o c c lu s io n  to w h ic h  th ey  had beco m e  
a c c u s to m e d  ( th e  o r ig in a l  v e r t i c a l  d im e n s io n )  and 3 s e q u e n c e s  
w ith  the  v e r t i c a l  d im e n s io n  o f o c c lu s io n  r e d u c e d  by 
a p p r o x im a t e ly  3 mm ( th e  re d u c e d  v e r t i c a l  d im e n s io n ) .  T h u s  
30 s e q u e n c e s  a t  each  v e r t i c a l  d im e n s io n  w e r e  a v a i l a b le  f o r  
a n a ly s is .
1 8 . 2  O c c lu s a l  T o o th  C o n ta c t
T h e  e s t im a t io n  o f  o c c lu s a l  tooth  c o n ta c t  w a s  m ade by  
c o m p a r is o n  o f  v e r t i c a l  m e a s u re m e n ts  o b ta in e d  d u r in g  the  
s w a l lo w in g  s e q u e n c e  w ith  r e f e r e n c e  m e a s u re m e n ts  o b ta in e d  
w ith  the  d e n tu r e s  in o c c lu s io n  at the  in te r c u s p a l  p o s i t io n .  
M e a s u re m e n ts  w e r e  m ade f ro m  the  u p p e r  le a d  p e l l e t s  in both  
the in c is o r  and p r e m o la r  re g io n  p e r p e n d i c u l a r l y  to the  l in e  
C D  ( F i g .  3 , 1 1 ) .  T h e  r e c o r d e d  v a lu e s  f o r  both  the  in c i s o r  
and p r e m o la r  r e g io n s  at the  o r ig in a l  v e r t i c a l  d im e n s io n  and  
the  re d u c e d  v e r t i c a l  d im e n s io n  a r e  p r e s e n t e d  in T a b l e  5 ,
12a and 1 2 b ,  and T a b l e  5 ,  13a  and 13b . T h e  in c id e n c e  o f  
o c c lu s a l  tooth  c o n ta c t  in a l l  s u b je c ts  a t  e a c h  v e r t i c a l  
d im e n s io n  is  sh ow n  in T a b le  5 ,  14. F r o m  th is  ta b le  it  is  
c l e a r  that tooth  c o n ta c t  d u r in g  s w a l lo w in g  w a s  d e m o n s tra te d  
by 8 s u b je c ts  a t  the  o r ig in a l  v e r t i c a l  d im e n s io n ,  but o n ly  by  
3 s u b je c ts  at the  r e d u c e d  v e r t i c a l  d im e n s io n .  In th e  30  
s w a l lo w in g  s e q u e n c e s  r e c o r d e d  at the  o r ig in a l  v e r t i c a l
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d im e n s io n  c o n ta c t  o c c u r r e d  in 1 9 o f  them ( 6 3 % ) .  W h en  the  
v e r t i c a l  d im e n s io n  w a s  r e d u c e d  c o n ta c t  w a s  o n ly  r e c o r d e d  
in 7 o f  30 s e q u e n c e s  ( 2 3 % ) .  T h e  a b o v e  r e s u l t s  w e r e  
c o m p a re d  u s in g  a \ x te s t .  T h e  d i f f e r e n c e  b e tw e e n  the  
n u m b e r  o f  s u b je c ts  d e m o n s t r a t in g  o c c lu s a l  tooth c o n ta c t  at  
e ach  v e r t i c a l  d im e n s io n  w a s  not s ig n i f ic a n t  (p . 0 5 ) .  T h e  
d i f f e r e n c e  b e tw e e n  th e  to ta l n u m b e r  o f  c o n ta c ts  r e c o r d e d  at  
each  v e r t i c a l  d im e n s io n  w a s ,  h o w e v e r ,  fou nd  to be s ig n i f ic a n t  
(p <  . 0 1 ) .
1 8 . 3  P o s i t io n  o f  C o n ta c t
T h e  p o s i t io n  o f tooth  c o n ta c t  in  the  s a g i t ta l  p la n e  w a s  
d e te r m in e d  w i th  r e f e r e n c e  to the  in te r c u s p a l  p o s i t io n .
R e a d in g s  w e r e  ta k e n  f ro m  th e  a n t e r i o r  lo w e r  le a d  p e l l e t  to  
the  p o in t  at w h ic h  a p e r p e n d ic u la r  f r o m  the p o s t e r i o r  u p p e r  
I ead pel I e t in t e r s e c t e d  th e  I in e  C D  ( F i  g. 3 ,  11 ) .  T h e  d i f f e r e n c e s  
( i f  p r e s e n t )  b e tw e e n  th e  r e a d in g s  a t the  p o s i t io n  of c o n ta c t  d u r in g  
s w a l lo w in g  and a t  the  in t e r c u s p a l  p o s i t io n  w e r e  c o n v e r t e d  to t r u e  
v a lu e s  u s in g  the  c o r r e c t io n  f a c t o r  ( C h a p t e r  10 ) .  T h e  v a r i a t i o n s  
in the  a n t e r o - p o s t e r i o r  p o s i t io n  o f c o n ta c t  d u r in g  s w a l lo w in g ,  
both at th e  o r ig in a l  and  th e  re d u c e d  v e r t i c a l  d im e n s io n ,  a r e  
p r e s e n t e d  in T a b l e  5 ,  15. T h e  v a s t  m a jo r i t y  o f  c o n ta c ts  (2 3  
of 26 )  o c c u r r e d  at the in te r c u s p a l  p o s i t io n .  O f  the 3 c o n ta c ts  
not a t th e  in te r c u s p a l  p o s i t io n ,  a l l  w e r e  p o s t e r i o r  to i t .
1 8 . 4  F in a l  M a n d ib u la r  P o s i t io n
M e a s u r e m e n ts  o f  th e  v e r t i c a l  j a w  p o s i t io n  a f t e r  
s w a l lo w in g  w e r e  c o m p a re d  to s i m i l a r  m e a s u re m e n ts  a t  the
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in te r c u s p a l  p o s i t io n .  A n y  d i f f e r e n c e  b e tw e e n  them in d ic a te d  
the  am ount o f in te r o c c lu s a l  c le a r a n c e  p r e s e n t  a f t e r  
s w a l lo w in g .  T h e  t r u e  v a lu e s  r e c o r d e d  f o r  the  in t e r o c c lu s a l  
c le a r a n c e  a r e  shown in T a b l e  5 ,  16. F r o m  the  r e s u l t s  
p r e s e n t e d ,  in t e r o c c lu s a l  c le a r a n c e  a p p e a r s  to be  p r e s e n t  
m o re  o fte n  at th e  te r m in a t io n  o f  s w a l lo w in g  s e q u e n c e s  w i th  
c o m p le te  d e n t u r e s  in w h ic h  th e  v e r t i c a l  d im e n s io n  o f  o c c lu s io n  
had been  re d u c e d .
1 8 . 5  D is c u s s io n
O c c lu s a l  T o o th  C o n ta c t
T h e  in c id e n c e  o f  o c c lu s a l  tooth  c o n ta c t  r e c o r d e d  in 
s w a l lo w in g  s e q u e n c e s  w ith  d e n t u r e s  at the  o r ig in a l  v e r t i c a l  
d im e n s io n  (6 3 % )  is  g r e a t e r  than  th a t  r e c o r d e d  f o r  d e n tu lo u s  
s u b je c ts  ( 4 9 % ) .  A s  th e  v e r t i c a l  d im e n s io n  o f o c c lu s io n  o f  th e  
d e n tu r e s  w a s ,  w i th in  c l in ic a l  and te c h n ic a l  l im i t a t io n s ,  
b e l ie v e d  to be c o r r e c t  f o r  e a c h  s u b je c t ,  it  m ight h a v e  been  
e x p e c te d  th a t th e  in c id e n c e  o f  o c c lu s a l  too th  c o n ta c t  in e a c h  
g ro u p  w o u ld  be  s i m i l a r .  T h e  d i f f e r e n c e ,  h o w e v e r ,  w a s  not 
fo und  to b e  s ig n i f ic a n t  (p >  . 2 ) .
It  has  b een  s u g g e s te d  ( O ' L E A R Y  et a l .  1 9 6 7 )  th a t  
c o n ta c t  o f  the n a tu r a l  te e th  d u r in g  s w a l lo w in g  m a k e s  a 
s ig n i f ic a n t  c o n t r ib u t io n  to the  m a in te n a n c e  o f  too th  p o s i t io n .  I f  
th is  is  a ls o  t r u e  f o r  c o m p le te  d e n t u r e s  then  any  a w a r e n e s s  by  
the  s u b je c t  o f  m ovem ent o f h is  d e n t u r e s  m ig h t b e  fo l lo w e d  by  
to o th  c o n ta c t  to m a in ta in  them  in p o s i t io n .  S u c h  an a c t io n  
c o u ld  p o s s ib ly  e x p la in  th e  a p p a r e n t  g r e a t e r  in c id e n c e  o f
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tooth  c o n ta c t  in s u b je c ts  w e a r in g  d e n tu r e s .
N o t ic e a b le  m ovem ent of c o m p le te  d e n t u r e s  d u r in g  o ra l  
fu n c t io n  has  been  r e p o r t e d  by A R D R A N  et a l .  ( 1 9 5 7 ) ,
K A I R E S  ( 1 9 5 7 ) ,  and S M I T H  et a l .  (1 9 6 3 ) .  I t  w a s  n o te d ,  
h o w e v e r ,  th a t  i f  the s u b je c t  had a f a v o u r a b le  d e n t u r e  b e a r in g  
a r e a  w i th  f i r m  a l v e o l a r  r i d g e s ,  then  m o vem en t o f  a d e n t u r e  
w a s  e x t r e m e ly  s m a l l ,  b e in g  le s s  than  1 mm ( W O E L F E L  et a l .
1 9 6 2 ) .  A l th o u g h  a d e n tu r e  a d h e s iv e  w a s  u s e d  in the p r e s e n t  
s tud y  th is  does  not g u a r a n t e e  th a t  the  d e n t u r e s  w i l l  r e m a in  
in p o s i t io n .  I t  is  c l e a r  that any  v e r t i c a l  d is p la c e m e n t  o f  the  
d e n tu r e s  d u r in g  s w a l lo w in g  m ay r e s u l t  in an a r t i f i c i a l l y  h igh  
r e c o r d in g  o f  th e  in c id e n c e  o f o c c lu s a l  tooth  c o n ta c t .  T h e  
am ount o f d is p la c e m e n t  d u r in g  each  s e q u e n c e  w a s  t h e r e f o r e  
d e te r m in e d  by r e c o r d in g  th e  d is ta n c e  f r o m  the  le a d  p e l l e t s  
in both  u p p e r  and lo w e r  d e n t u r e s ,  to the  n a s a l  and m a n d ib u la r  
l in e s  r e s p e c t i v e ly  ( F i g .  3 ,  1 1 ) ,  and c o m p a r in g  them  to s i m i l a r  
m e a s u re m e n ts  r e c o r d e d  at the in t e r c u s p a l  p o s i t io n  ( T a b l e  5 ,  
17a and 1 7b ) .  L i t t l e  d is p la c e m e n t  o f  the  u p p e r  d e n t u r e  w a s  
e v id e n t ,  o c c u r r i n g  in o n ly  1 o f  60 s w a l lo w in g  s e q u e n c e s .
T h e r e  w a s  a g r e a t e r  in c id e n c e  o f  d is p la c e m e n t  o f  the  lo w e r  
d e n t u r e ,  w h ic h  w a s ,  h o w e v e r ,  m a in ly  r e s t r i c t e d  to  1 s u b je c t .  
O f  th e  in s ta n c e s  o f  d is p la c e m e n t  w h ic h  w e r e  r e c o r d e d  non e  
had th e  e f f e c t  o f  i n c r e a s in g  the  in c id e n c e  o f  o c c lu s a l  tooth  
c o n ta c t  a s  in the  s e q u e n c e s  in w h ic h  d is p la c e m e n t  o c c u r r e d  
o c c lu s a l  tooth  c o n ta c t  w a s  not e v id e n t .
T h e  r e s u l t s  in the  p r e s e n t  s tud y  can  a ls o  be c o m p a re d  
w ith  r e s u l t s  f r o m  a s tu d y  o f  S H E P P A R D  an d  S H E P P A R D
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( 1 9 7 1 )  who d e m o n s tra te d  o c c lu s a l  tooth  c o n ta c t  in 5 2 . 5 %  
o f  s w a l lo w in g  s e q u e n c e s  f ro m  s u b je c ts  w i th  c o m p le te  
d e n tu r e s .  T h e  d i f f e r e n c e  b e tw e e n  th e s e  r e s u l t s  and the  
p r e s e n t  s tu dy  is  not s ig n i f ic a n t  (p *>* . 5) but th e s e  w o r k e r s  
d id  c o n s id e r  the  in c id e n c e  o f  c o n ta c t  to be e x t r e m e ly  lo w .
T h e y  w e r e  o f  the  o p in io n  th a t th is  w a s  due  to th e  f a c t  th a t  
in m any o f  the  d e n tu r e s  e x a m in e d  the  v e r t i c a l  d im e n s io n  of  
o c c lu s io n  w a s  in s u f f ic ie n t .  F u r t h e r m o r e ,  it  w a s  thought th a t  
som e s u b je c ts  may h a v e  c o n s c io u s ly  a v o id e d  tooth  c o n ta c t  
b e c a u s e  o f p a in  o r  d is c o m fo r t  in the  d e n t u r e  b e a r in g  a r e a .
T h e s e  c o m m e n ts ,  h o w e v e r ,  a r e  not a p p l ic a b le  to the  p r e s e n t  
s tu d y ,  a s  th e  o r ig in a l  v e r t i c a l  d im e n s io n  o f o c c lu s io n  o f  the  
d e n tu r e s  w a s  c o n s id e r e d  to be  s u f f ic ie n t  and c l i n i c a l l y  c o r r e c t ,  
and e a c h  s u b je c t  had  r e p o r t e d  h is  o r  h e r  d e n tu r e s  a s  b e in g  
c o m fo r ta b l  e.
In the  p r e s e n t  in v e s t ig a t io n ,  h o w e v e r ,  r e d u c t io n  o f  the  
v e r t i c a l  d im e n s io n  o f  o c c lu s io n  o f the  d e n t u r e s  w a s  a c c o m p a n ie d  
by a s ig n i f ic a n t  d e c r e a s e  in the  in c id e n c e  o f o c c lu s a l  tooth  
c o n ta c t  d u r in g  s w a l lo w in g .  T h i s  w o u ld  a p p e a r  to s u p p o r t  the  
o p in io n  e x p r e s s e d  by S H E P P A R D  and S H E P P A R D  ( 1 9 7 1 ) ,  and  
may b e  e x p la in e d  by r e f e r e n c e  to C h a p t e r  17 w h e r e  it w a s  
d e m o n s t ra te d  th a t  the  m a jo r i t y  o f  e d e n tu lo u s  s u b je c ts  d e m o n s t r a te d  
a r e p r o d u c ib le  v e r t i c a l  ja w  s e p a r a t io n  d u r in g  s w a l lo w in g  ( th e  
s w a l lo w in g  le v e l ) .  I t  w o u ld  a p p e a r  th a t  th is  s i tu a t io n  m ay be  
a p p l ic a b le  a ls o  to the  m a jo r i t y  o f  s u b je c ts  w e a r in g  c o m p le te  
d e n t u r e s ,  in w h ic h  th e  s w a l lo w in g  le v e l  p e r m i t t e d  o c c lu s a l  
to o th  c o n ta c t  o f  th e  d e n tu r e s  a t  th e  o r ig in a l  v e r t i c a l  d im e n s io n ,
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but d id  not p e r m i t  c o n ta c t  w h en  the  v e r t i c a l  d im e n s io n  
w a s  r e d u c e d .
P o s i t io n  o f  C o n ta c t
C o n ta c t  o f c o m p le te  d e n tu r e s  d u r in g  s w a l lo w in g  w a s  
most com m only  a t the in te r c u s p a l  p o s i t io n ,  w h ic h  w o u ld  a p p e a r  
to be in a g re e m e n t  w i th  th e  f in d in g s  f ro m  the f lu o r o g r a p h ic  
in v e s t ig a t io n  in v o lv in g  d e n tu lo u s  s u b je c ts .  It has  b een  
e x p la in e d ,  h o w e v e r ,  ( C h a p t e r  2) th a t  c o m p le te  d e n t u r e s  a r e  
n o r m a l ly  c o n s t r u c te d  so tha t m axim um  in te r c u s p a t io n  o f  the  
tee th  o c c u r s  at the r e t r u d e d  c o n ta c t  p o s i t io n ,  and so in 
c o m p le te  d e n t u r e s  th e  in te r c u s p a l  p o s i t io n  and the  r e t r u d e d  
c o n ta c t  p o s i t io n  c o - in c id e .  T h e  p o s i t io n  o f  c o n ta c t  e x h ib i te d  
by the  s u b je c ts  w i th  c o m p le te  d e n t u r e s  w o u ld  t h e r e f o r e  
c o r r e s p o n d  to the  r e t r u d e d  c o n ta c t  p o s i t io n  in the  d e n tu lo u s  
s u b je c t ,  and not the  in te r c u s p a l  p o s i t io n .  In the  t h r e e  
in s ta n c e s  in w h ic h  o c c lu s a l  c o n ta c t  a p p e a r e d  in a p o s i t io n  
p o s t e r i o r  to th e  in t e r c u s p a ^ r e t r u d e d  c o n ta c t  p o s i t io n ,  th is  
may p o s s ib ly  be  due to som e a n t e r o - p o s t e r i o r  m ovem ent o f  
the d e n t u r e s  w h ic h  w a s  not d e te c te d .
W h e n  s u b je c te d  to  a X ^ t e s t ,  the  d i f f e r e n c e  in the  
p o s i t io n  o f  c o n ta c t  b e tw e e n  d e n tu lo u s  s u b je c ts  and e d e n tu lo u s  
s u b je c ts  w i th  d e n tu r e s  w a s  found  to be  h ig h ly  s ig n i f ic a n t
(p <  . 0 0 1 ) .
F in a l  M a n d ib u la r  P o s i t io n
T h e  d e n t u r e s  u s e d  in th is  p a r t  o f  th e  in v e s t ig a t io n  
w e r e  c o n s t r u c te d  in such a m a n n e r  t h a t ,  a t the  o r i g in a l  
v e r t i c a l  d im e n s io n ,  som e in t e r o c c lu s a l  c l e a r a n c e  w a s  p r e s e n t
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at the  r e s t  ja w  r e la t io n s h ip .  W i th  the  r e d u c t io n  in the  
v e r t i c a l  d im e n s io n  o f o c c lu s io n  th is  c le a r a n c e  s h o u ld  be  
in c r e a s e d  by som e 3 mm.
T h e  in c id e n c e  o f tooth  c o n ta c t  r e c o r d e d  at the end of  
s w a l lo w in g  s e q u e n c e s  w ith  d e n t u r e s  at the o r ig in a l  v e r t i c a l  
d im e n s io n ,  w o u ld  in d ic a te  th a t  e s ta b l is h m e n t  o f  the r e s t  j a w  
r e la t io n s h ip  by s w a l lo w in g  is  u n r e l i a b l e .  T h is  a ls o  a p p e a r e d  
t r u e  f o r  d e n tu r e s  a t  th e  r e d u c e d  v e r t i c a l  d im e n s io n ,  as  
a lth o u g h  the in c id e n c e  o f tooth  c o n ta c t  w a s  l e s s ,  the  
in t e r o c c lu s a l  c l e a r a n c e  r e c o r d e d  in most c a s e s  d id  not  
c o r r e s p o n d  to the e x p e c te d  3 mm d i f f e r e n c e  f r o m  the  o r ig in a l  
v e r t i c a l  d im e n s io n .
1 8 . 6  C o n c lu s io n s  and C om m ent
It  is  o f v a lu e  to m ake  c o m p a r is o n s  b e tw e e n  the  r e s u l t s  
r e c o r d e d  f o r  e d e n tu lo u s  s u b je c ts  w i th  d e n t u r e s  and tho se  
r e c o r d e d  f o r  d e n tu lo u s  s u b je c ts  b e c a u s e  it  is  the fu n c t io n  
(and a p p e a r a n c e )  o f  the  d e n tu lo u s  s ta te  w h ic h  th e  c l in ic ia n  
w is h e s  to r e s t o r e .  W i th  d e n t u r e s  at the  o r ig in a l  v e r t i c a l  
d im e n s io n  it  is  a p p a r e n t ,  a s  w i th  d e n tu lo u s  s u b je c t s ,  th a t  
the m a jo r i t y  o f  s u b je c ts  e x h ib i t  o c c lu s a l  too th  c o n ta c t  w h en  
s w a l lo w in g .  C o n ta c t  d u r in g  s w a l lo w in g  in any  in d iv id u a l  is  
p r e s e n t  in som e s e q u e n c e s  but not in o t h e r s ,  w h ic h  
e m p h a s is e s  the  im p o r ta n c e  o f  v ie w in g  s e v e r a l  s e q u e n c e s .
R e d u c t io n  in v e r t i c a l  d im e n s io n  o f o c c lu s io n  is  
a c c o m p a n ie d  by a d e c r e a s e  in the  in c id e n c e  o f  o c c lu s a l  to o th  
c o n ta c t  w h e n  s w a l lo w in g .  A  f a l l  in th e  in c id e n c e  o f  too th
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c o n ta c t  in d e n t u r e s ,  w h e r e  c o n ta c t  had been  d e m o n s t ra te d  
p r e v i o u s l y ,  may t h e r e f o r e  be an in d ic a t io n  th a t the  v e r t i c a l  
d im e n s io n  o f  o c c lu s io n  o f th e  d e n tu r e s  has  beco m e  in s u f f ic ie n t .
T h e  p o s i t io n  o f tooth c o n ta c t ,  w h ic h  has  been  c o n s id e r e d  
to o c c u r  a t  the  r e t r u d e d  c o n ta c t  p o s i t io n ,  d i f f e r s  s i g n i f i c a n t ly  
f ro m  the  p o s i t io n  of c o n ta c t  com m only  r e c o r d e d  f o r  d e n tu lo u s  
s u b je c ts  ( th e  in te r c u s p a l  p o s i t io n ) .  It  is  d i f f i c u l t  h o w e v e r  to  
d e te r m in e  w h e t h e r  o r  not th is  p o s i t io n  is  in f lu e n c e d  by the  
cu sp a l p a t t e r n  o f the te e th  w h ic h  m ay g u id e  both n a tu r a l  and  
a r t i f i c i a l  d e n t i t io n s  to a p o s i t io n  o f  m ax im um  in te r c u s p a t io n .
It  is  a ls o  p o s s ib le  th a t  som e a n t e r o - p o s t e r i o r  m ovem ent o f  
the d e n t u r e s  o c c u r r e d  w h ic h  w a s  not d e te c te d .  N e v e r t h e l e s s  
the t r e n d  o f  the  r e s u l t s  s u g g e s ts  th a t  in the  e d e n tu lo u s  s u b je c t  
c o n ta c t  o f  d e n t u r e s  d u r in g  s w a l lo w in g  is  m o re  l i k e ly  to 
c o r r e s p o n d  to the  r e t r u d e d  c o n ta c t  p o s i t io n  r a t h e r  than the  
in te r c u s p a l  p o s i t io n .
T h e  v a r i a b i l i t y  o f  the  v e r t i c a l  ja w  p o s i t io n  a f t e r  
s w a l lo w in g  has  b een  d e m o n s tr a te d  y e t  a g a in ,  and e m p h a s is e s  
the u n r e l i a b i l i t y  o f  e s ta b l is h in g  the r e s t  j a w  r e la t io n s h ip  by  
sw al lo w in g .
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I N T E R P R E T A T I O N  O F  F I N D I N G S  
1 9. 1 In t ro d u c t io n
T h e  r e s u l t s  p r e s e n t e d  in the  v a r io u s  p a r t s  o f the
in v e s t ig a t io n  h a v e  in d ic a te d  som e o f  the  ja w  r e la t io n s h ip s
w h ic h  may o c c u r  d u r in g  s w a l lo w in g  u n d e r  d i f f e r i n g  c l in ic a l  
c i r c u m s ta n c e s .  O b s e r v a t io n s  h a v e  a ls o  b een  m ade on the  
f r e q u e n c y  and c o n s is te n c y  w i th  w h ic h  th e s e  r e la t io n s h ip s  
o c c u r .  In t e r p r e t a t io n  o f th e s e  f in d in g s  is  w i th  r e f e r e n c e  
to the  p r a c t i c e  o f  p r o s t h e t i c  d e n t i s t r y ,  and in p a r t i c u l a r  
‘ to th e  r e c o r d in g  and e v a lu a t io n  o f ja w  r e la t io n s h ip s  in the  
d e s ig n  o f  c o m p le te  d e n t u r e s .
T h e  in v e s t ig a t io n s  h a v e  y ie ld e d  in fo r m a t io n  r e g a r d in g  
the  r e la t io n s h ip  o f s w a l lo w in g  to  :
i) the  v e r t i c a l  d im e n s io n  o f  o c c lu s io n
i i )  the  h o r iz o n t a l  j a w  r e la t io n s h ip  in th e  s a g i t ta l
p la n e
i i i )  the  r e s t  j a w  r e la t io n s h ip .
1 9. 2 T h e  V e r t i c a l  D im e n s io n  o f  O c c lu s io n
T h e  f in d in g s  f r o m  the  p a r t  o f  the s tu d y  in v o lv in g  
d e n tu lo u s  s u b je c ts  in d ic a te d  th a t ,  in th e  m a jo r i t y  o f s u b je c ts  
the  n a t u r a l  fu n c t io n  o f  s w a l lo w in g  a p p e a r s  to be  a s s o c ia te d  
w ith  o c c lu s a l  tooth  c o n ta c t .  A s  c o m p le te  d e n t u r e s  a r e  
c o n s t r u c te d  to r e s t o r e  n a tu r a l  fu n c t io n  as  f a r  as  p o s s ib le ,  
th is  w o u ld  s u g g e s t  that th e  v e r t i c a l  d im e n s io n  o f  o c c lu s io n  
w h ic h  is  r e c o r d e d  sh o u ld  a ls o  p e r m i t  o c c lu s a l  too th  c o n ta c t  
w h e n  s w a l lo w in g .  In th e  p r e s e n t  s tu d y  such c o n ta c t  w a s
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e n c o u n te re d  in s u b je c ts  w ith  c o m p le te  d e n t u r e s  w h ic h  had  
been  c o n s t r u c te d  to a v e r t i c a l  d im e n s io n  o f  o c c lu s io n  w h ic h  
w a s  b e l ie v e d  to be  c o r r e c t .  T h is  cann ot be ta k e n  as  
e v id e n c e ,  h o w e v e r ,  that the  v e r t i c a l  d im e n s io n  o f  o c c lu s io n  
can be r e c o r d e d  by s w a l lo w in g  a c t io n .  N o r  is  o c c lu s a l  tooth  
c o n ta c t  d u r in g  s w a l lo w in g  e v id e n c e  th a t  th e  v e r t i c a l  d im e n s io n  
o f o c c lu s io n  o f  c o m p le te  d e n tu r e s  is  n e c e s s a r i l y  c o r r e c t ,  as  
such c o n ta c t  w o u ld  a ls o  o c c u r  at an e x c e s s iv e  v e r t i c a l  
d im e n s io n . It  w o u ld  s u g g e s t ,  h o w e v e r ,  th a t  i f  tooth  c o n ta c t  
d u r in g  s w a l lo w in g  is  c o n t in u a l ly  a b s e n t ,  then  th e  v e r t i c a l  
d im e n s io n  o f  o c c lu s io n  o f  the d e n t u r e s  m ay be in s u f f ic ie n t .
T h is  is  s u p p o r te d  by th e  f in d in g s  f ro m  s u b je c ts  w e a r in g  
c o m p le te  d e n t u r e s ,  in w h ic h  a re d u c t io n  o f the  v e r t i c a l  
d im e n s io n  of o c c lu s io n  w a s  a s s o c ia te d  w i th  a s ig n i f ic a n t  
d e c r e a s e  in the in c id e n c e  o f  tooth  c o n ta c t  w hen  s w a l lo w in g .
In e d e n tu lo u s  s u b je c t s ,  it  w a s  d e m o n s tr a te d  th a t  the  
v e r t i c a l  j a w  s e p a r a t io n  d u r in g  s w a l lo w in g  w a s ,  in the  m a jo r i t y  
o f  c a s e s  at a r e p r o d u c ib le  le v e l .  T h e  s e p a r a t io n  r e c o r d e d  w a s  
n o r m a l ly  le s s  than  o r  equal to th e  s e p a r a t io n  at the  " r e l a x e d "  
p o s i t io n  w h ic h  w a s  re c o g n is e d  a s  a c l i n i c a l l y  d e te r m in e d  r e s t  
j a w  r e la t io n s h ip .  W h e n  th e  v e r t i c a l  j a w  s e p a r a t io n  d u r in g  
s w a l lo w in g  ( th e  s w a l lo w in g  le v e l )  w a s  le s s  than  th a t  a t  the  
" r e l a x e d "  p o s i t io n ,  t h e r e  a p p e a r e d  to be som e c o r r e l a t i o n  
b e tw e e n  it  and  the  o c c lu s a l  tooth  c o n ta c t  in d e n tu lo u s  s u b je c ts .  
F r o m  th is  o b s e r v a t io n  it  f o l lo w s  th a t  the  r e c o r d in g  o f  the  
s w a l lo w in g  le v e l  in th e  m a jo r i t y  o f  e d e n tu lo u s  s u b je c ts  m ay be  
u s e fu l  in e s ta b l is h in g  a n a tu r a l  v e r t i c a l  d im e n s io n  o f  o c c lu s io n
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f o r  c o m p le te  d e n tu r e s .
A s  r e d u c t io n  o f  v e r t i c a l  d im e n s io n  o f  o c c lu s io n  in  
c o m p le te  d e n tu r e s  w a s  a s s o c ia te d  w i th  a d e c r e a s e  in the  
in c id e n c e  o f  tooth  c o n ta c t  w h en  s w a l lo w in g ,  th is  k n o w le d g e  
may be o f  use  in m a k in g  a c o n t in u o u s  a s s e s s m e n t  o f the  
v e r t i c a l  d im e n s io n  of o c c lu s io n .  I f  c o m p le te  d e n tu r e s  w hen  
c o n s t r u c te d  in i t ia l  Iy,d e m o n s t r a t e  o c c lu s a l  too th  c o n ta c t  w hen  
s w a l lo w in g ,  then s u b s e q u e n t  la c k  o f c o n ta c t  may be an e a r l y  
in d ic a t io n  o f  a r e d u c t io n  in t h e i r  v e r t i c a l  d im e n s io n  o f  
o c c lu s io n .
1 9. 3 H o r i z o n t a l  J a w  R e la t io n s h ip
O b s e r v a t io n s  on the h o r iz o n ta l  j a w  r e la t io n s h ip  d u r in g  
s w a l lo w in g  w e r e  l im i te d  to the  p o s i t io n  o f o c c lu s a l  tooth  
c o n ta c t  in the  s a g i t ta l  p la n e  in both  d e n tu lo u s  s u b je c ts  and  
e d e n tu lo u s  s u b je c ts  w e a r in g  d e n t u r e s .  In each  g ro u p  the  
m a jo r i t y  o f c o n ta c ts  o c c u r r e d  at a p o s i t io n  o f  m axim um  
in t e r c u s p a t io n  o f the  te e th .  In the  d e n tu lo u s  s u b je c t  th is  
w a s  the  in t e r c u s p a l  p o s i t io n ,  but in the  e d e n tu lo u s  s u b je c t  
w a s  a r e t r u d e d  c o n ta c t  p o s i t io n  a s  d is c u s s e d  in C h a p t e r  18. 
A lth o u g h  th e  p o s i t io n  of to o th  c o n ta c t  may be  in f lu e n c e d  by  
cu spal m o rp h o lo g y ,  w h ic h  may g u id e  th e  te e th  to the  p o s i t io n  
o f  m axim um  in te r c u s p a t io n  d u r in g  s w a l lo w in g ,  it  is  c l e a r  
tha t the  m a n d ib le  is  a b le  to a s s u m e  a r e t r u d e d  p o s i t io n  (w ith  
r e f e r e n c e  to th e  in t e r c u s p a l  p o s i t io n ) .  A lth o u g h  the  r e t r u d e d  
p o s i t io n  w a s  d e m o n s t r a te d  in som e d e n tu lo u s  s u b je c ts  it w a s  
m o re  co m m only  p r e s e n t  in s u b je c ts  w h o s e  n a t u r a l  te e th  had  
b een  e x t r a c t e d  and w ho  w e r e  w e a r in g  c o m p le te  d e n t u r e s .
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F r o m  th e s e  o b s e r v a t io n s  it a p p e a r s  p o s s ib le  th a t in 
e d e n tu lo u s  s u b je c ts  the  h o r iz o n ta l  ja w  r e la t io n s h ip  d u r in g  
s w a l lo w in g  is  a r e t r u d e d  one . T h e  fu n c t io n  o f s w a l lo w in g  
t h e r e f o r e  may o f f e r  a m ethod o f  e s t a b l is h in g  th e  r e t r u d e d  
c o n ta c t  p o s i t io n  w hen  r e c o r d in g  ja w  r e la t io n s h ip s  f o r  p a t ie n t s  
r e q u i r i n g  c o m p le te  d e n tu r e s .
1 9. 4  T h e  R e s t  J aw  R e la t io n s h ip
T h e  r e s t  j a w  r e la t io n s h ip  is  n o r m a l ly  a c c o m p a n ie d  by  
some d e g r e e  o f in t e r o c c lu s a l  c l e a r a n c e  both  in the  d e n tu lo u s  
s u b je c t  and the  e d e n tu lo u s  s u b je c t  w e a r in g  d e n tu r e s  
c o n s t r u c te d  to th e  c o r r e c t  v e r t i c a l  d im e n s io n  o f o c c lu s io n .  In  
p r o s t h e t i c  d e n t is t r y  it  may be u sed  a s  a r e f e r e n c e  p o s i t io n ,  
f ro m  w h ic h  som e c l in ic ia n s  a s s e s s  the  s u i t a b i l i t y  o f a 
v e r t i c a l  d im e n s io n  o f o c c lu s io n  o f c o m p le te  d e n t u r e s  by  
o b s e r v in g  th e  am ount o f  in t e r o c c lu s a l  c le a r a n c e  p r e s e n t .  T h e  
o b s e r v a t io n s  in the  p r e s e n t  s tud y  a r e  n e g a t iv e  r a t h e r  than  
p o s i t i v e ,  b a s e d  as  th ey  a r e  on the  a s s u m p tio n  that r e s t  ja w  
r e la t io n s h ip  can n o t be p r e s e n t  w i th o u t  an a s s o c ia te d  
in t e r o c c lu s a l  c l e a r a n c e .  A s  a p p r o x im a te ly  50%  o f  s u b je c ts  
in the  a b o v e  c a t e g o r ie s  d id  not d e m o n s t r a te  in t e r o c c lu s a l  
c l e a r a n c e  at the  f in a l  m a n d ib u la r  p o s i t io n  a f t e r  s w a l lo w in g ,  
it  w o u ld  a p p e a r  th a t  th e  a c t io n  o f s w a l lo w in g  is  not a 
s u i t a b le  m ethod  f o r  e s t a b l is h in g  r e s t  j a w  r e la t io n s h ip .  
F u r t h e r m o r e ,  t h e r e  is  no e v id e n c e  th a t  a t r u e  r e s t  ja w  
r e la t io n s h ip  w a s  e s ta b l is h e d  in the  s u b je c ts  who d id  d e m o n s t r a te  
i n t e r o c c lu s a l  c l e a r a n c e  a f t e r  s w a l lo w in g .  S u c h  e v id e n c e  can  
o n ly  b e  o b ta in e d  by r e c o r d i n g  e l e c t r i c a l  m u s c le  a c t i v i t y  and
-  140  -
eq u ip m en t f o r  such r e c o r d in g s  w a s  not a v a i la b le  in th is  
study .
T h e  a b o v e  o b s e r v a t io n s  w e r e  f u r t h e r  e m p h a s is e d  by 
r e s u l t s  f ro m  the  e d e n tu lo u s  s u b je c ts  s t u d ie d ,  w h ic h  sh ow ed  
that the v e r t i c a l  ja w  s e p a r a t io n  at the  end o f  the  s w a l lo w in g  
s e q u e n c e s  w a s  le s s  than that at the  " r e l a x e d "  p o s i t io n ,  w h ic h  
w a s  c o n s id e r e d  as  a c l i n i c a l l y  e s t a b l is h e d  r e s t  ja w  r e la t io n s h ip .
1 9. 5 C o n c lu s io n s  and Com m ent
W h e n  the  r e s u l t s  o f  th is  s tu d y  a r e  a p p l ie d  to the  
p r a c t i c e  o f  p r o s t h e t i c  d e n t is t r y  it  b e c o m e s  a p p a r e n t  th a t  the  
a c t io n  o f  s w a l lo w in g  may be u s e fu l  in the  d e t e r m in a t io n  o f  ja w  
r e la t io n s h ip s  w h en  c o n s t r u c t in g  c o m p le te  d e n t u r e s .  I ts  
a p p l ic a t io n  to p a r t i a l  d e n t u r e s  is  o f  l e s s e r  im p o r ta n c e  as  ja w  
r e l a t io n s h ip s  a r e  o f te n  d e te r m in e d  by th e  p o s i t io n  and  
in t e r c u s p a t io n  o f  th e  r e m a in in g  n a tu r a l  te e th .  In the  v e r t i c a l  
p la n e  s w a l lo w in g  m ay be  u s e d  both to r e c o r d  and e v a lu a t e  the  
v e r t i c a l  d im e n s io n  o f  o c c lu s io n  o f c o m p le te  d e n t u r e s ,  w h i ls t  in 
the  h o r iz o n t a l  p la n e  it may p o s s ib ly  be u s e d  to r e c o r d  the  
r e t r u d e d  c o n ta c t  p o s i t io n .  T h e r e  i s ,  h o w e v e r ,  no e v id e n c e  
f ro m  th e  p r e s e n t  s tu d y  th a t  the  a c t io n  o f s w a l lo w in g  may be  
u se fu l in e s t a b l is h in g  the  r e s t  j a w  r e la t io n s h ip .
T h e s e  f in d in g s  a p p e a r  a p p l ic a b le  to th e  m a jo r i t y  o f  
p a t ie n t s .  T h is  d o e s  not m e a n ,  h o w e v e r ,  th a t  th e  u t i l i s a t io n  
o f  s w a l lo w in g  a c t io n  is  th e  o n ly  m eth od  o f  a c h ie v in g  c o r r e c t  
j a w  r e la t io n s h ip s .  A  r a t io n a l  b a s is  f o r  i t s  u s e  h a s  b een  
e s t a b l is h e d  h o w e v e r ,  and  it  p r e s e n t s  as  a lo g ic a l  te c h n iq u e  
w h ic h  by u t i l i s i n g  n a tu r a l  m o v e m e n ts  o f  the  j a w s ,  may p e r m i t  
th e  c o n s t r u c t io n  o f  c o m p le te  d e n t u r e s  w i th  a g r e a t e r  d e g r e e  o f
fu n c t io n a l  s u c c e s s .
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C O N C L U S I O N S  A N D  S U G G E S T I O N S
C o n c lu s io n s
F r o m  the  r e s u l t s  and d is c u s s io n s  r e g a r d in g  ja w  
r e la t io n s h ip s  in th e  s a m p le  o f  s u b je c ts  s e le c te d  f o r  th is  s tu d y ,  
the f o l lo w in g  c o n c lu s io n s  may be  d r a w n  :
i) T h e  m a jo r i t y  o f  d e n tu lo u s  s u b je c ts  d e m o n s t ra te d  
o c c lu s a l  tooth  c o n ta c t  d u r in g  s w a l lo w in g .  T h e  
p o s i t io n  o f  c o n ta c t  w a s  most com m only  at the  
in te r c u s p a l  p o s i t io n  a l th o u g h  in som e c a s e s  it  
w a s  a t  a p o s i t io n  r e t r u s i v e  to th e  in te r c u s p a l  
p o s i t io n .
i i )  O c c lu s a l  too th  c o n ta c t  d u r in g  s w a l lo w in g  o c c u r r e d
in th e  m a jo r i t y  o f  s u b je c ts  w e a r in g  c o m p le te  d e n tu r e s  
c o n s t r u c te d  to a v e r t i c a l  d im e n s io n  o f  o c c lu s io n  w h ic h  
w a s  b e l ie v e d  to be  c o r r e c t .  A n  in s u f f ic ie n t  v e r t i c a l  
d im e n s io n  o f  o c c lu s io n  o f  the  d e n t u r e s  w a s  a s s o c ia te d  
w ith  a d e c r e a s e  in the  in c id e n c e  o f o c c lu s a l  tooth  c o n ta c t  
w h en  s w a l lo w in g .
T h e  p o s i t io n  o f o c c lu s a l  tooth c o n ta c t  a t  th e  c o r r e c t  
v e r t i c a l  d im e n s io n  o f  o c c lu s io n  o c c u r r e d  w i th  the  tee th  
of the  d e n tu r e s  in m axim um  in t e r c u s p a t io n .  F r o m  the  
r e c o r d in g  o f  the  h o r iz o n t a l  j a w  r e la t io n s h ip s  m ade  
w h en  c o n s t r u c t in g  the  d e n t u r e s ,  th a t  p o s i t io n  w a s  
b e l ie v e d  to c o r r e s p o n d  to th e  r e t r u d e d  c o n ta c t  
p o s i t io n  r e c o r d e d  in d e n tu lo u s  s u b je c ts .
i i i )  T h e  m a jo r i t y  o f  e d e n tu lo u s  s u b je c ts  d e m o n s t r a te d  a  
c o n s ta n t  and  r e p r o d u c ib le  v e r t i c a l  j a w  s e p a r a t io n
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d u r in g  s w a l lo w in g ,  w h ic h  w a s  te rm e d  th e  s w a l lo w in g  
le v e l .  In most c a s e s  the  s w a l lo w in g  le v e l  w a s  le s s  
th a n ,  o r  equal to the  v e r t i c a l  ja w  s e p a r a t io n  a t the  
r e la x e d  p o s i t io n  o f the  ja w s .
iv )  T h e  f in a l  m a n d ib u la r  p o s i t io n  a f t e r  s w a l lo w in g ,
in e a c h  g ro u p  o f  s u b je c t s ,  d id  not c o r r e s p o n d  to the  
r e s t  j a w  r e la t io n s h ip .
v) T h e  a c t io n  o f  s w a l lo w in g  a p p e a r e d  to be a u se fu l  
m ethod in r e c o r d in g  and e v a lu a t in g  the  v e r t i c a l  
d im e n s io n  o f  o c c lu s io n  in the  d e s ig n  and c o n s t r u c t io n  
o f c o m p le te  d e n t u r e s .  In a d d i t io n ,  it  may be o f  som e  
u s e  in d e t e r m in in g  the h o r iz o n ta l  ja w  r e la t io n s h ip  at the  
r e t r u d e d  c o n ta c t  p o s i t io n .  T h e  u s e  o f  s w a l lo w in g  to 
e s ta b l is h  th e  r e s t  j a w  r e la t io n s h ip  w a s  not s u p p o r te d
by th e  r e s u l t s  o f  th is  s tu d y .
S u g g e s t io n s  f o r  f u r t h e r  w o r k
T h e  f in d in g s  in th e  p r e s e n t  s tu dy  m ay be u sed  as  a b a s is  
f o r  f u r t h e r  w o r k .  It  is  s u g g e s te d  that the  f o l lo w in g  in v e s t ig a t io n s  
m ight be  p e r f o r m e d  in o r d e r  to p r o v id e  m o r e  d a ta  on the  s u b je c t  o f  
s w a l lo w in g  and ja w  r e la t io n s h ip s  :
i) A  s tu d y  o f  the  e f f e c t  th a t  the  v a r io u s  fo r m s  o f  m a lo c c lu s io n  
m ight h a v e  on the  in c id e n c e  and p o s i t io n  o f  tooth  c o n ta c t  
d u r in g  s w a l lo w in g  in d e n tu lo u s  s u b je c ts .
i i )  In v e s t ig a t io n s  in th e  c o r o n a l  r a t h e r  than  the  s a g i t ta l  
p la n e  o f  j a w  r e la t io n s h ip s  d u r in g  s w a l lo w in g .  T h i s  
w o u ld  p e r m i t  o b s e r v a t io n s  to be m ade s im u l ta n e o u s ly
on e a c h  s id e  o f  the  m o u th ,  and  w o u ld  p r o v id e  in fo r m a t io n
-  143  -
on la t e r a l  d e v ia t io n  o f th e  ja w s  d u r in g  s w a l lo w in g .
A  lo n g itu d in a l  s tudy  e x te n d in g  o v e r  s e v e r a l  y e a r s  to  
in v e s t ig a t e  the  c o n s ta n c y  o f  the  s w a l lo w in g  le v e l  in 
e d e n tu lo u s  s u b je c ts .
A  lo n g itu d in a l  s tudy  to in v e s t ig a t e  the r e la t io n s h ip  
b e tw e e n  th e  v e r t i c a l  j a w  s e p a r a t io n  d u r in g  s w a l lo w in g  
r e c o r d e d  b e f o r e  e x t r a c t io n  o f  the n a t u r a l  t e e t h ,  and  
th a t  r e c o r d e d  a f t e r  e x t r a c t i o n  o f the te e th .
T h e  te c h n iq u e s  d e v e lo p e d  in th e  p r e s e n t  s tu dy  m ight  
a ls o  be e x te n d e d  to  in c lu d e  in v e s t ig a t io n s  o f  
m o vem en ts  o f  the  te m p o r o m a n d ib u la r  jo in t  d u r in g  
f u n c t io n ,  bo th  in h e a l th  and  d is e a s e .
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S O M E  P R O P E R T I E S  O F  W A X E S
A . 1 In t ro d u c t io n
T h e  a p p l ic a t io n  o f s w a l lo w in g  in the r e g i s t r a t i o n  of  
ja w  r e la t io n s h ip s  r e q u i r e s  a r e c o r d in g  o f  the  r e la t io n s h ip  
of the  m a n d ib le  to the m a x i l l a  at the  s w a l lo w in g  le v e l .  A  
common m a t e r ia l  r e p o r t e d  u se fu l f o r  th is  p u r p o s e  is  w a x  
( S H A N A H A N  1 9 5 5 ,  1 9 5 6 ,  M A L S O N  1 9 6 0 ,  W A R D  and  
O S T E R H O L T Z  1 9 6 3 ,  V I E R H E L L E R  1 9 6 8 ,  and I S M A I L  
and G E O R G E  1 9 6 8 ) .  C y l i n d e r s  o r  c o n e s  o f  w a x  a r e  
s o fte n e d  e i t h e r  by f la m in g ,  o r  by im m e rs io n  in w a rm  w a t e r  
at a p p r o x im a t e ly  4 5 ° C .  T h e  s o f te n e d  w a x  is  p la c e d  on the  
o c c lu s a l  r im  o f  a lo w e r  r e c o r d  b lo c k  w h ic h  has  been  t r im m e d  
s h o r t  o f  a t e n t a t iv e  v e r t i c a l  d im e n s io n  o f  o c c lu s io n .  U p p e r  
and lo w e r  r e c o r d  b lo c k s  a r e  then in s e r t e d  in th e  mouth and  
the p a t ie n t  is  in s t r u c t e d  to s w a l lo w .  A s  th e m a n d ib le  r i s e s  
to the  s w a l lo w in g  le v e l  , the w a x  c y l i n d e r  is  d e fo rm e d  by the  
r im  o f  the o p p o s in g  r e c o r d  b lo c k  and so r e c o r d s  ja w  
r e la t io n s h ip s  a t  the  s w a l lo w in g  le v e l .
T h e  e f f e c t iv e n e s s  o f  any w a x  u sed  in such a te c h n iq u e  
is  r e l a t e d  to the e a s e  w ith  w h ic h  it  may be d e fo r m e d .  T h i s  
in tu r n  is  r e la t e d  to the  s t r e n g th  p r o p e r t i e s  o f  the  w a x  w h en  
s u b je c te d  to c o m p re s s io n .  C l e a r l y ,  f o r  i n t r a - o r a l  u s e ,  
d e fo rm a t io n  m ust o c c u r  u n d e r  such f o r c e s  a s  m ig h t be  
g e n e r a te d  by m u s c u la r  a c t io n .  A lth o u g h  p r o p e r t i e s  o f  the  
m o d e l l in g  w a x e s ,  n a tu r a l  w a x e s ,  an d  w a x  m ix t u r e s  h a v e  
b e e n  r e p o r t e d  ( S M I T H  e t  a l .  1 9 6 5 ,  C R A IG  e t  a l .  1 9 6 5 ,
1 9 6 7 ,  O H A S H I  and P A F F E N B E R G E R  1 9 6 6 ,  1 9 6 9 ) ,  l i t t l e
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c o n s id e r a t io n  has been g iv e n  to the  p r o p e r t i e s  o f  w a x e s  w h en  
used  as  a r e c o r d in g  m ed ium . A c c o r d in g ly  the fo l lo w in g  
in v e s t ig a t io n s  w e r e  u n d e r ta k e n  to d e te r m in e  the r e la t io n s h ip  
b e tw e e n  th e  e a s e  o f  d e f o r m a t io n ,  the  ty p e  o f  w a x ,  the  
s p ec im en  s i z e ,  and th e  t e m p e r a t u r e  o f u s e .
A .  2 M a t e r i a l s  and M eth o d s
T h e  w a x e s  u sed  in the  in v e s t ig a t io n  and t h e i r  s o u r c e s  
of su p p ly  a r e  l is t e d  in T a b l e  6 ,  1. B o x in g ,  d e n t in a ,k o r e c t a  
w a x  no. 4  and t r u b y te  w a x  w e r e  a l l  c o n s id e r e d  c l i n i c a l l y  
s u i ta b le  f o r  the  p u r p o s e  o f  r e c o r d in g  ja w  r e la t io n s h ip s  by 
s w a l lo w in g .  B e e s w a x  w a s  in c lu d e d  b e c a u s e  o f i ts  r e p o r t e d  
u se  as  a r e c o r d in g  m ed ium  ( V I E R H E L L E R  1 9 6 8 ) .  M o d e l l in g  
w a x ,  w h ic h  is  n o r m a l ly  u s e d  in the  c o n s t r u c t io n  o f  r e c o r d  
b lo c k s  and t r i a l  d e n t u r e s  and w h ic h  t h e r e f o r e  m ig h t be  
e x p e c te d  to show  som e r e s i s t a n c e  to d e f o r m a t io n ,  w a s  
in c lu d e d  f o r  p u r p o s e s  o f  c o m p a r is o n .
P r e p a r a t i o n  o f  S p e c im e n s
T h e  m ost a c c e p ta b le  f o r m  o f  s a m p le  f o r  u s e  in  
c o m p re s s io n  te s ts  is  a c y l i n d e r  ( P E Y T O N  1 9 6 8 ) .  C y l i n d r i c a l  
s p e c im e n s  o f  each  w a x ,  10 mm ( le n g th )  x  5 mm ( d ia m e te r )  and  
5 mm ( le n g th )  x 5 mm (d ia m e t e r )  w e r e  t h e r e f o r e  p r e p a r e d  in 
m a c h in e d  s t a in le s s  s te e l  m o u ld s  ( F i g .  6 ,  1). T h e s e  s p e c im e n  
s iz e s  w e r e  c o n s id e r e d  r e p r e s e n t a t i v e  o f o p p o s i te  ends  o f  a 
r a n g e  o f  s i z e s  w h ic h  m igh t be u s e d  c l i n i c a l l y .
E a c h  w a x  w a s  h e a te d  in a c o n ta in e r  in a w a t e r  ba th  to  a 
t e m p e r a t u r e  s l ig h t ly  a b o v e  i ts  m e l t in g  p o in t ,  and p o u r e d  in to  
th e  m ou ld  w h ic h  w a s  a t  ro o m  t e m p e r a t u r e .  P r e v i o u s l y  the
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m ould  had b een  c o a te d  w i th  a lu b r ic a n t  s p r a y  to f a c i l i t a t e
the re m o v a l  o f  the  se t w a x .  T h e  s p e c im e n s  w e r e  a l lo w e d
to cool s lo w ly  to ro o m  t e m p e r a t u r e  b e f o r e  b e in g  re m o v e d
fro m  the  m ould . T h is  p e r m i t t e d  the  w a x  m o le c u le s  to
assum e n o rm a l in t e r m o le c u la r  d is t a n c e s ,  so m in im is in g
in te r n a l  s t r e s s e s  in th e  s p e c im e n s  w h ic h  m ight le a d  to
in a c c u r a c ie s  due to s u b s e q u e n t  s t r e s s  r e l i e f  ( P E Y T O N  1 9 6 8 ) .
In v e s t i  g a t io n s
S p e c im e n s  w e r e  te s te d  a t ro om  te m p e r a t u r e
(a p p r o x im a te ly  2 4 ° C )  and m outh t e m p e r a t u r e  ( 3 7 ° C )
2
u s in g  an In s t r o n  U n i v e r s a l  T e s t in g  M a c h in e .  T h e  10 mm 
s p e c im e n s  w e r e  s t r a in e d  by 70%  and th e  5 mm s p e c im e n s  by  
4 0 % .  T h e s e  v a lu e s  r e p r e s e n t e d  the  a p p r o x im a t e  ch a n g e  in  
len g th  o f  such s p e c im e n s  i f  u s e d  to r e c o r d  ja w  r e la t io n s h ip s  
by s w a l lo w in g .  T h e  r a t e  o f  s t r a in  w a s  2 0 0  m m /m in .  w h ic h ,  
f ro m  the  g ra p h ic a l  r e c o r d in g s  o b ta in e d  in the  t r a n s m i t t in g  
coil s tu d y ,  a p p e a r e d  c o n s is te n t  w i th  the r a t e  o f  a p p r o x im a t io n  
of th e  ja w s  d u r in g  s w a l lo w in g .  S p e c im e n s  te s te d  a t 3 7 ° C  
w e r e  f i r s t  r a is e d  to th a t  t e m p e r a t u r e  by im m e rs io n  in a 
t h e r m o s t a t ic a l ly  c o n t r o l le d  w a t e r  ta n k  f o r  15 m in u te s .  
S u b s e q u e n t  te s ts  w e r e  p e r f o r m e d  w ith  the  c o m p re s s io n  
p la t e s  o f  the  te s t in g  m a c h in e  im m e rs e d  in a w a t e r  bath  
m a in ta in e d  a t 3 7 ° C  ( F i g .  6 ,  2 ) .
T e n  s p e c im e n s  o f  e a c h  w a x  (bo th  5 mm and 10 mm) 
w e r e  te s te d  a t  each  t e m p e r a t u r e .
1 T i s s u e - T e k  H o ld  R e le a s e  S p r a y  : L a b - T e k ,  W e s tm o n t ,
I l l i n o i s
2 M o de l T T C M  : In s t r o n  L t d .  , H ig h  W y c o m b e
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A . 3 R e s u l ts
T h e  b e h a v io u r  o f  the w a x e s  u n d e r  c o m p re s s io n  has  
been r e p r e s e n t e d  by a s t r e s s - s t r a i n  d ia g r a m  ( F ig .  6 ,  3a  
and 3 b ,  and F i g .  6 ,  4 a  and 4b) c o n s t r u c te d  f ro m  the  mean  
v a lu e s  o f d a ta  o b ta in e d  in the  s tu d y . E a c h  d ia g r a m  sh ow s  
a g e n e ra l  p a t t e r n .  A s  the  s p e c im e n  is  s t r a in e d  t h e r e  is  an  
i n c r e a s e  in s t r e s s  w h ic h  is  d i r e c t l y  p r o p o r t io n a l  to the  
s t r a in  p ro d u c e d  as  in d ic a te d  by th e  s t r a ig h t  l in e .  A t  a 
c e r t a in  p o in t ,  h o w e v e r ,  the  p r o p o r t io n a l  i ty  en ds  and  
beyond  th is  p r o p o r t io n a l  l im i t  (w i th  the  e x c e p t io n  o f  k o r e c t a  
w a x  no. 4 a t 3 7 ° C )  t h e r e  is  a s h a rp  d e c r e a s e  in s t r e s s ,  
fo l lo w e d  in the  10 mm s p e c im e n s  by a g ra d u a l  in c r e a s e  u n t i l  
the s p e c im e n  is  s t r a in e d  by th e  d fes ired  am ount.
T h e  m ean v a lu e s  f o r  the  p r o p o r t io n a l  l im i t s  o f  the  
w a x  s p e c im e n s  a r e  p r e s e n t e d  in T a b l e  6 ,  2 . V a r i a t i o n s  
o c c u r  b e tw e e n  th e  in d iv id u a l  w a x e s .  F o r  e a c h  s p e c im e n  s iz e  
and each  te m p e r a t u r e  th e  g r e a t e s t  v a lu e s  w e r e  r e c o r d e d  f o r  
m o d e l l in g  w a x  and b e e s w a x ,  the  le a s t  f o r  d e n t in a  and b o x in g  
w a x e s ,  w i th  t r u b y t e  h a v in g  an in t e r m e d ia t e  v a lu e .  K o r e c t a  
w a x  no. 4  a l th o u g h  r e c o r d in g  on e  o f  th e  g r e a t e s t  v a lu e s  at 
ro om  t e m p e r a t u r e ,  had the  lo w e s t  v a lu e  a t 3 7 ° C .
T h e  v a lu e s  r e c o r d e d  a t  3 7 ° C ,  f o r  e a c h  s p e c im e n  s i z e  
of each  w a x ,  w e r e  lo w e r  than  th o s e  r e c o r d e d  a t  ro om  
t e m p e r a t u r e .  W h e n  s u b je c te d  to a 't* te s t  th e  d i f f e r e n c e s  
w e r e  fou nd  to be  h ig h ly  s ig n i f ic a n t  ( p < . 0 0 1 ) .
In g e n e ra l  , v a lu e s  r e c o r d e d  f o r  10 mm s p e c im e n s  w e r e  
g r e a t e r  than th o s e  r e c o r d e d  f o r  5 mm s p e c im e n s  a t  th e  same
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t e m p e r a t u r e ,  the d i f f e r e n c e s  b e in g  h ig h ly  s ig n i f ic a n t  
( p <  . 0 0 1 ) .  T w o  e x c e p t io n s  w e r e  the  v a lu e s  f o r  5 mm and  
10 mm s p e c im e n s  of m o d e l l in g  w a x  and k o r e c t a  w a x  no. 4  
at 3 7 ° C ,  w h ic h  sh ow ed  no s ig n i f ic a n t  d i f f e r e n c e  (p >  . 0 5  
and p >  . 1 r e s p e c t i v e ly ) .
S t r e s s - s t r a i n  M o d u lu s
T h e  s lo p e  o f  th e  s t r e s s - s t r a i n  c u r v e  b e lo w  the  
p r o p o r t io n a l  l im i t  has b een  e x p r e s s e d  as  a m o d u lu s . T h e  
mean v a lu e s  f o r  the  m oduli a r e  p r e s e n t e d  in T a b l e  6 ,  3.
T h e  g r e a t e s t  v a lu e s  f o r  each  s p e c im e n  s iz e  at each  
t e m p e r a t u r e  w e r e  r e c o r d e d  by m o d e l l in g  w a x  and b e e s w a x .  
D e n t in a  and b o x in g  w a x e s  had  the  lo w e s t  v a lu e s ,  w h i ls t  
t r u b y t e  w a x  had an in t e r m e d ia t e  v a lu e .  K o r e c t a  w a x  no. 4 ,  
a lth o u g h  r e c o r d in g  h igh  m o du lu s  v a lu e s  a t  ro o m  t e m p e r a t u r e ,  
r e c o r d e d  the  lo w e s t  v a lu e s  at 3 7 ° C .  A n  in c r e a s e  in te s t in g  
t e m p e r a tu r e  f ro m  ro o m  t e m p e r a t u r e  to 3 7 ° C  w a s  a c c o m p a n ie d  
by a d e c r e a s e  in the  v a lu e  o f  th e  m o d u lu s  f o r  e a c h  s p e c im e n  
o f each  w a x .  T h is  d e c r e a s e  w a s  h ig h ly  s ig n i f ic a n t  (p<T . 0 0 1 ) .
In  g e n e ra l  at each  t e m p e r a t u r e  g r e a t e r  v a lu e s  w e r e  
r e c o r d e d  f o r  the 10 mm s p e c im e n s  than  f o r  the  5 mm 
s p e c im e n s ,  w ith  one e x c e p t io n  ( k o r e c t a  w a x  no. 4  a t  3 7 ° C ) .  
T h e  d i f f e r e n c e s  in v a lu e s  b e tw e e n  s p e c im e n s  w e r e  h ig h ly  
s ig n i f ic a n t  (p <T. 0 0 1 )  w i th  the  e x c e p t io n  o f  k o r e c t a  w a x  no. 4  
at 3 7 ° C  in w h ic h  t h e r e  w a s  no s ig n i f ic a n t  d i f f e r e n c e  ( p >  . 5 ) .  
T e r m in a l  S t r e s s
T h e  m ean s t r e s s e s  r e q u i r e d  to p r o d u c e  the  d e s i r e d  
s t r a i n  in both  5 mm and 10 mm s p e c im e n s  o f  e a c h  w a x  a t  e a c h
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t e m p e r a t u r e  a r e  shown in T a b le  6 ,  4 .
T h e  g r e a te s t  m ean v a lu e s  f o r  each  s p e c im e n  s i z e  at 
each  t e m p e r a t u r e  w e r e  r e c o r d e d  f o r  m o d e l l in g  w a x  and  
b e e s w a x ,  the  lo w e s t  f o r  b o x in g  and d e n t in a  w a x e s  w ith  
t r u b y t e  w a x  h a v in g  an in t e r m e d ia t e  v a lu e .  K o r e c t a  w a x  
no. 4  a l th o u g h  h a v in g  a h igh  v a lu e  at ro om  t e m p e r a t u r e  
r e c o r d e d  the  lo w e s t  v a lu e  a t mouth t e m p e r a t u r e .
T h e  v a lu e s  r e c o r d e d  f o r  each  s p e c im e n  s iz e  at 3 7 ° C  
w e r e  lo w e r  than  tho se  r e c o r d e d  at roo m  t e m p e r a t u r e  the  
d i f f e r e n c e  b e tw e e n  v a lu e s  b e in g  h ig h ly  s ig n i f ic a n t  ( p < ^ .0 0 1 ) .
V a lu e s  r e c o r d e d  f o r  10 mm s p e c im e n s  w e r e  g e n e r a l ly  
g r e a t e r  than  th o se  r e c o r d e d  f o r  5 mm s p e c im e n s  at the  sam e  
t e m p e r a t u r e ,  th e  d i f f e r e n c e  b e in g  h ig h ly  s ig n i f ic a n t  ( p - ^ . 0 0 1 ) .  
T w o  e x c e p t io n s  w e r e  the  v a lu e s  r e c o r d e d  f o r  t r u b y t e  w a x  and  
m o d e l l in g  w a x  w h ic h  d id  not d e m o n s t r a te  an y  s ig n i f ic a n t  
d i f f e r e n c e  b e tw e e n  5 mm and 10 mm s p e c im e n s  at 3 7 ° C  
( p >  . 9 and p >  . 8 r e s p e c t i v e ly ) .
D? s c u s s io n
It  has  b een  d e m o n s t r a te d  ( F I N N E G A N  1 9 6 7 )  th a t  th e  
f o r c e  e x e r t e d  by the  ja w s  d u r in g  s w a l lo w in g  r a n g e s  f ro m  
0. 6 kg  to 1. 4 5  kg . D u r in g  m a s t i c a t io n , A T K I N S O N  and  
S H E P H E R D  (1 9 6 7 )  r e c o r d e d  a m axim um  f o r c e  o f 1 3 k g  f o r  
a p a t ie n t  w ith  a c o m p le te  u p p e r  d e n t u r e  o p p o s in g  n a tu r a l  
lo w e r  te e th  and a m axim um  f o r c e  o f  7 kg  f o r  a p a t ie n t  w i th  
c o m p le te  u p p e r  and lo w e r  d e n tu r e s .  B O O S  (1 9 4 0 )  had  
s u g g e s te d  th a t  an a v e r a g e  f o r c e  in m a s t ic a t io n  w a s  4 .  5 kg
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but th is  w a s  r e je c t e d  as  b e in g  too h igh  by B O U C H E R  et a l .  
(1 9 5 9 ) .
It  a p p e a r s ,  h o w e v e r ,  th a t  the  f o r c e  e x e r t e d  d u r in g  
s w a l lo w in g  is  le s s  than that e x e r t e d  d u r in g  m a s t ic a t io n .
W hen  r e c o r d in g  ja w  r e la t io n s h ip s  by s w a l lo w in g  t h e r e f o r e  
it  is  im p o r ta n t  th a t  the  w a x  sh o u ld  be e a s i ly  d e fo r m a b le .
On no a c c o u n t s h o u ld  the  p a t ie n t  fe e l  th a t  he h a s  to " b i t e "  
the w a x .
S t r e s s - s t r a i n  M o d u lu s
F o r  som e m a t e r i a ls  th is  is  d e s c r ib e d  as  the  m o du lus  
of e l a s t i c i t y .  T h is  t e r m ,  h o w e v e r ,  is  o n ly  a p p l ic a b le  to  
e la s t i c  m a t e r i a l s ,  w h ic h  i f  s t r e s s e d  b e lo w  t h e i r  p r o p o r t io n a l  
l i m i t ,  w i l l  r e t u r n  to t h e i r  o r ig in a l  d im e n s io n s  on re m o v a l  
of the  s t r e s s .  W a x ,  h o w e v e r ,  is  a v i s c o - e l a s t i c  m a t e r ia l  
c o m b in in g  the  p r o p e r t i e s  o f  e l a s t i c i t y  and p l a s t i c i t y  at a l l  
l e v e ls  o f  s t r e s s .  W h en  s t r e s s e d  it not o n ly  u n d e rg o e s  e la s t i c  
s t r a in  but a ls o  d e m o n s t r a te s  c r e e p  ( H A L L  1968 )  w h ic h  is  the  
in c r e a s e  o f s t r a in  w i th  t im e  o b s e r v e d  in a s p e c im e n  u n d e r  
c o n s ta n t  s t r e s s .  O n  re m o v a l  o f  the  s t r e s s  t h e r e  is  
in s ta n ta n e o u s  r e c o v e r y  o f  e l a s t i c  s t r a i n ,  but the p la s t i c  
s t r a in  is  p e rm a n e n t .
T h e  g r e a t e r  th e  v a lu e  o f  the  m o d u lu s ,  the  g r e a t e r  th e  
s t r e s s  r e q u i r e d  to a c h ie v e  any  s t r a i n  up to th e  p r o p o r t io n a l  
l im i t .  T h e  s t r e s s - s t r a i n  m o d u lu s  v a r i e s  w i th  t e m p e r a t u r e  
h o w e v e r ,  and  a s  in th e  c a s e  w i th  p o ly m e r s ,  d ro p s  
c o n s id e r a b ly  w i th  a r i s e  in t e m p e r a t u r e  ( G I L L A M  1 9 6 9 ) .
In a l l  th e  w a x e s  in the  p r e s e n t  in v e s t ig a t io n ,  the  m o du li w e r e
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found to h a v e  a lo w e r  v a lu e  a t 3 7 ° C  than  at ro o m  te m p e r a t u r e .
A lth o u g h  the  s t r e s s - s t r a i n  m od u lu s  v a r i e s  w ith  
t e m p e r a t u r e ,  b e c a u s e  it  is  a p r o p e r t y  of the  m a t e r ia l  it  
sho u ld  not v a r y  a c c o r d in g  to s p e c im e n  s i z e .  In the  p r e s e n t  
in v e s t ig a t io n ,  h o w e v e r ,  d i f f e r e n c e s  w e r e  a p p a r e n t  b e tw e e n  
v a lu e s  o f  m odu li f o r  5 mm and 10 mm s p e c im e n s  a t  both  ro o m  
and m outh t e m p e r a t u r e s .  A  p o s s ib le  e x p la n a t io n  o f th is  may  
r e s t  in the p ro b le m s  e n c o u n te re d  in c o m p r e s s iv e  te s t in g  o f  
the w a x e s .  In such te s ts  the s p e c im e n s  a r e  s q u e e z e d  b e tw e e n  
two f l a t  s u r f a c e s .  W h e n  c o m p r e s s iv e  f o r c e s  a r e  a p p l ie d ,  the  
phenom enon o f  P o is s o n 's  e f fe c t  ten d s  to m ake  th e  s p e c im e n  
exp an d  l a t e r a l l y  and a s s u m e  a b a r r e l  sh ap e . A t  the a n v i l /  
s p e c im e n  in t e r f a c e  f r i c t io n a l  f o r c e s  a r i s e  and r e s t r i c t  
l a t e r a l  m o vem ent o f the  s p e c im e n  in th is  a r e a .  T h e  o v e r a l l  
c o n t r ib u t io n  f ro m  th is  e f f e c t  d e c r e a s e s  a s  th e  le n g th  o f the  
tes t  sp e c im e n  is  in c r e a s e d .
A lth o u g h  m o re  a c c u r a t e  v a lu e s  f o r  the  s t r e s s - s t r a i n  
m oduli m ight h a v e  b een  o b ta in e d  by u s in g  l a r g e r  w a x  s p e c im e n s ,  
the  te s t  p ie c e s  cho sen  w e r e  r e p r e s e n t a t i v e  o f a s i z e  w h ic h  
m ight be u s e d  in the  mouth.
T h e  r e s u l t s  sho w  th a t by r a i s i n g  th e  t e m p e r a t u r e  o f  a 
w a x  the  s t r e s s - s t r a i n  m o du lus  is  r e d u c e d .  I t  then  b e c o m e s  
m o re  s u i ta b le  f o r  i n t r a - o r a l  u s e  b e c a u s e  th e  s t r e s s  r e q u i r e d  
to p r o d u c e  a s t r a in  b e lo w  the  p r o p o r t io n a l  l im i t  is  re d u c e d .
T h e  v a r i a t i o n  in the  v a lu e  f o r  a m o d u lu s  a s  a r e s u l t  o f  
s p e c im e n  s i z e  s u g g e s ts  a ls o  th a t  f o r  e a s e  o f  d e f o r m a t io n ,  
th e  s m a l le s t  s p e c im e n  c o m p a t ib le  w i th  the  te c h n iq u e  sho u ld
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be u sed . H o w e v e r ,  the  v a r i a t io n  due to s p e c im e n  s i z e  a ls o  
e m p h a s is e s  the p o te n t ia l  in a c c u r a c y  w h ic h  e x is t s  in the  u s e  
of sm all p ie c e s  o f  w a x .
T e r m in a l  S t r e s s
In the  5 mm s p e c im e n s ,  th e  m ean v a lu e s  f o r  the  te r m in a l  
s t r e s s  w e r e  le s s  than the m ean v a lu e s  f o r  the  p r o p o r t io n a l  
l im it  (w ith  the e x c e p t io n  of k o r e c t a  w a x  no. 4  w h ic h  n e v e r t h e le s s  
r e c o r d e d  th e  lo w e s t  m ean te r m in a l  s t r e s s  v a lu e ) .  In th e s e  
s p e c im e n s  t h e r e f o r e  the  te r m in a l  s t r e s s  v a lu e  is  o f le s s  
im p o r ta n c e ,  as  i f  s u f f ic ie n t  f o r c e  is  g e n e r a te d  to s t r e s s  the  
sp ec im en  beyon d  i ts  p r o p o r t io n a l  l im i t  then  th is  s t r e s s  i f  
m a in ta in e d  w i l l  be  s u f f ic ie n t  to p r o d u c e  th e  d e s i r e d  s t r a in .
T h is  s i tu a t io n  is  a ls o  a p p l ic a b le  to the  10 mm s p e c im e n s  at  
3 7 ° C .  In  10 mm s p e c im e n s  at ro o m  te m p e r a t u r e  the  te rm in a l  
s t r e s s  is  h ig h e r  than  the  p r o p o r t io n a l  l im i t  in m o d e l l in g ,  
b e e s w a x ,  d e n t in a  and  t r u b y t e  w a x e s ,  but s l ig h t ly  lo w e r  in  
b o x in g  w a x  and k o r e c t a  w a x  no. 4 . T h e  r e d u c t io n  in s t r e s s  
b eyon d  the  p r o p o r t io n a l  l im i t  is  m ost l i k e ly  r e l a t e d  to a 
c o m b in a t io n  of the  p la s t i c  p r o p e r t i e s  o f  the  w a x  to g e th e r  
w ith  som e f r a c t u r e  o f the  s p e c im e n  u n d e r  c o m p r e s s io n .
T h e  v a lu e s  f o r  the te rm in a l  s t r e s s  in th is  in v e s t ig a t io n  
a r e  w i th  r e f e r e n c e  to 4 0 %  s t r a in  f o r  5 mm s p e c im e n s  and  
70%  s t r a in  f o r  10 mm s p e c im e n s .  F r o m  th e  s t r e s s - s t r a i n  
d ia g r a m s  it  is  c l e a r  th a t  in c l in ic a l  u s e ,  th e  te r m in a l  s t r e s s  
of a s p e c im e n  w i l l  v a r y  b e in g  d e p e n d e n t  upon the am ount o f  
s t r a i n  o r  d e fo r m a t io n  to w h ic h  a s p e c im e n  is  s u b je c te d .  
C o n c l u s i o n s /
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C o n c lu s io n s
F r o m  the r e s u l t s  o f the  in v e s t ig a t io n s  the fo l lo w in g  
c o n c lu s io n s  may be d r a w n  :
i) T h e  m ost s u i t a b le  w a x  f o r  r e c o r d in g  ja w  r e la t io n s h ip  
by s w a l lo w in g ,  w i th  r e g a r d  to i ts  e a s e  o f  d e f o r m a t io n ,  
a p p e a r s  to be  k o r e c t a  w a x  no. 4 .  B o th  5 mm and
10 mm s p e c im e n s  o f  th is  w a x  at 3 7 ° C  m ay be s t r a in e d  
to the  d e s i r e d  am ount in th is  in v e s t ig a t io n  w i t h in  the  
ra n g e  o f  f o r c e  g e n e r a te d  by th e  ja w s  in s w a l lo w in g  
( F I N N E G A N  1 9 6 7 ) .
i i )  T h e  u s e  o f w a x  at ro o m  t e m p e r a t u r e  is  c o n t r a in d ic a t e d  
du e  to the am ount o f  s t r e s s  r e q u i r e d  to p r o d u c e  a 
d e s i r e d  s t r a i n .  A  r i s e  in t e m p e r a t u r e  o f a w a x  
h o w e v e r  in c r e a s e s  th e  e a s e  o f  d e fo r m a t io n .
i i i )  A p a r t  f ro m  k o r e c t a  w a x  no. 4 ,  in w h ic h  t h e r e  is  l i t t l e  
d i f f e r e n c e  b e tw e e n  the  p r o p e r t i e s  o f  5 mm and 10 mm 
s p e c im e n s  at 3 7 ° C ,  a s m a l l e r  s p e c im e n  a p p e a r s  to be  
m o r e  e a s i ly  d e fo rm e d  than a l a r g e r  s p e c im e n .
A t  p r e s e n t ,  h o w e v e r ,  no a l t e r n a t i v e  m ethod e x is t s  f o r  
r e c o r d in g  j a w  r e la t io n s h ip s  d u r in g  fu n c t io n s  such as  s w a l lo w in g .  
I t  is  s u g g e s te d ,  t h e r e f o r e ,  th a t  f o r  e a s e  o f  d e fo r m a t io n  th e  
w a x  s h o u ld  be p r e p a r e d  as  a sm all  s p e c im e n  and  h e a te d  to  
3 7 ° C  b e f o r e  u se .
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P H O T O G R A P H I C  T E C H N I Q U E S
B . 1 In t r o d u c t io n
In C h a p t e r  8 it  w a s  n o ted  that d i r e c t  m e a s u re m e n t  
f ro m  the  v id e o ta p e  o r  t e le v is io n  s c r e e n  w a s  im p o s s ib le  
and it w a s  n e c e s s a r y  to f i lm  each  s e q u e n c e  f r o m  the  
t e le v is io n  m o n ito r  in o r d e r  to p e r f o r m  an in d iv id u a l  f r a m e  
a n a ly s is .  T h is  a p p e n d ix  c o n s id e r s  som e o f  th e  te c h n ic a l  
p r o b le m s  e n c o u n te re d  and the  m ethod  d e v e lo p e d  in the  
in v e s t ig a t io n  in o r d e r  to o b ta in  f i lm  r e c o r d in g s  f ro m  the  
t e le v is io n  s c r e e n .
B . 2 T h e  T e le v is io n  S c r e e n  Im age
T h e  im ag e  on a t e le v is io n  s c r e e n  is  fo r m e d  by a 
s c a n n in g  beam  w h ic h  t r a v e r s e s  the  s c r e e n  r a p id ly  in a 
p a t t e r n  o f  h o r iz o n t a l  l in e s .  A s  it  c r o s s e s  the s c r e e n  it is  
m o d u la te d  by th e  in c o m in g  s ig n a l  to the  t e le v is io n  r e c e i v e r  
and so an im ag e  is  fo rm e d .  T h e  im ag e  is  the  sum o f  two  
s e ts  o f a l t e r n a t in g  l in e s .  In the  t e le v is io n  m o n i to r  u sed  
in the  f lu o r o g r a p h ic  s tu d y  e a c h  beam  s c a n n e d  th e  im age  
a r e a  in V 5 0  s e c o n d ,  and a c o m p le te  im a g e  w a s  t h e r e f o r e  
p ro d u c e d  in V 2 5  se c o n d . T h e  t e le v is io n  s ig n a l  w a s  a ls o  
d i r e c t l y  r e c o r d e d  on v id e o ta p e .  T h i s  is  m a g n e t ic  ta p e  on  
w h ic h  no v i s i b l e  im ag e  is  p r e s e n t ,  s ig n a ls  b e in g  r e c o r d e d
in th e  fo r m  o f  m a g n e t ic  v a r i a t i o n s .  T h e  a d v a n ta g e s  o f
r e c o r d in g  on v id e o ta p e  a r e  r e la t e d  to  the  h igh  q u a l i t y  o f the  
im a g e  r e c o r d e d ,  and th e  fa c t  th a t  no p r o c e s s in g  o f  f i lm  is  
r e q u i r e d .  A l th o u g h  such a te c h n iq u e  is  u s e fu l  f o r  v is u a l  
a n a ly s is  and r e p e t i t i v e  v ie w in g ,  it  is  not s u i t a b le  f o r  an
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a n a ly s is  o f  in d iv id u a l  f r a m e s  w h ic h  r e q u i r e s  the  r e c o r d in g  
o f d a ta  on p h o to g r a p h ic  f i lm .  P h o t o g r a p h ic  r e c o r d in g s  f ro m  
the t e le v is io n  s c r e e n  may be  m ade on m otio n  f i lm  o r  by s t i l l  
s c r e e n  p h o to g ra p h y .
B . 3 M o tio n  F i l m  R e c o r d in g
M o tio n  f i lm  r e c o r d in g s  a r e  a c h ie v e d  by d is p la y in g  
the t e le v is io n  im ag e  on the  s c r e e n  and p h o to g ra p h in g  it u s in g  
a m otion  p i c t u r e  c a m e r a .  D i f f i c u l t i e s  o c c u r  in such te c h n iq u e s  
h o w e v e r  r e l a t e d  to th e  fa c t  that the p u l l  dow n t im e  o f  f i lm  
f r a m e s  th ro u g h  the c a m e r a ,  m ust c o in c id e  w i th  th e  t im e  
i n te r v a l  b e tw e e n  s u c c e s s iv e  t e le v is io n  p ic t u r e s .  T h is  
t im e  in t e r v a l  is  e x t r e m e ly  s h o r t  b e in g  a p p r o x im a t e ly  
0 . 0 0 1 5  se c o n d s  ( L E G G A T  1 9 6 5 ) ,  but by u s in g  16 mm f i l m ,  
a s a t i s f a c t o r y  r a t e  o f  p u ll  dow n o f  f i lm  f r a m e s  can be  
a c h ie v e d .  D i f f i c u l t i e s  a r i s e  h o w e v e r  w h en  u s in g  35  mm 
f i lm  due to th e  in c r e a s e d  d im e n s io n s  o f  the  f i lm .
B . 4  S c r e e n  P h o to g r a p h y
It  is  r e l a t i v e l y  s im p le  to ta k e  w e l l  d e f in e d  s t i l l  
p h o to g ra p h s  f r o m  a t e le v is io n  s c r e e n  im a g e  ( F i g .  6 , 5 ) .
In  the  sy s te m  u n d e r  c o n s id e r a t io n  ^/25 o f  a seco n d  is  
r e q u i r e d  to p ro d u c e  a c o m p le te  im ag e . I t  f o l lo w s  t h e r e f o r e  
that an  e x p o s u r e  t im e  o f le s s  than  ^/25 s eco n d  w i l l  o n ly  
r e c o r d  p a r t  o f  th a t  im ag e  and e x p o s u r e  t im e s  g r e a t e r  than  
V 2 5  se c o n d  may r e c o r d  a b l u r r e d  im a g e  due to r e g i s t r a t i o n  
on the  f i lm  n e g a t iv e  o f  m o re  than  o n e  m o d u la te d  s c a n n in g  
b eam .
-  1 5 6  -
B . 5 T h e  F l u o r o g r a p h i c  S tu d y
In an a t te m p t to o b ta in  m a t e r ia l  f o r  f r a m e  a n a ly s is ,  
s w a l lo w in g  s e q u e n c e s  w e r e  r e c o r d e d  i n i t i a l l y  on m otion  
f i lm  u s in g  a 16 mm m otion  p ic t u r e  c a m e ra .   ^ T h e  f i lm  
s p e e d ,  w h ic h  w a s  s y n c h r o n is e d  w ith  the  m a in s  c u r r e n t
w a s  1 2 \  f r a m e s  p e r  s e c o n d ,  w i th  an e f f e c t i v e  e x p o s u r e
1 2
t im e  o f ^ 5  se c o n d . A  s lo w  f i lm  w a s  u s e d  to r e d u c e
g r a in  s i z e  and g iv e  good d e t a i l .  T r i a l  e x p o s u r e s  w e r e  
p e r f o r m e d  at a p e r t u r e s  f / 1 . 8 ,  f / 2 . 8  and f / 4 .  R e c o r d in g s  
at each  a p e r t u r e  w e r e  p r o c e s s e d  c o m m e r c ia l ly  to v a r io u s  
d e n s i t ie s .  T h e  r e s u l t s  in a l l  c a s e s  w e r e  p o o r  ( F i g .  6 , 6 ) ,  
due to the sm all s i z e  o f  im a g e ,  g r a in in e s s  o f  the f i l m ,  and  
the p ro b le m  o f  s u b s e q u e n t  e n la r g e m e n t  f o r  f r a m e  a n a ly s is .  
A n a to m ic a l  r e f e r e n c e s  f o r  u s e  as  m e a s u r in g  p o in ts  c o u ld  
not be d e f in e d  c l e a r l y  and such a te c h n iq u e  w a s  u n s u i ta b le  
f o r  o b ta in in g  a c c u r a t e  m e a s u re m e n ts .
F o r  p u r p o s e s  o f  m e a s u re m e n t  a n a ly s is  t h e r e f o r e  the  
im age p ro d u c e d  by s t a t ic  s c r e e n  p h o to g ra p h y  is  s u p e r io r .  
T h e  f lu o r o g r a p h ic  s tu d y  h o w e v e r  r e q u i r e d  e x p o s u r e s  to be  
m ade in r a p id  s u c c e s s io n  and th is  c o u ld  not b e  a c h ie v e d
u s in g  a c a m e r a  w i th  a m anual f i lm  t r a n s p o r t  sy s te m .
A c c o r d in g ly  it  w a s  d e c id e d  to u s e  a m o to r is e d  s y s te m  w h ic h  
cou ld  be se t  to t r a n s p o r t  the  f i lm  at a r a t e  o f  th r e e  f r a m e s  
p e r  se c o n d . T e c h n ic a l  t e s t in g  at th is  s e t t in g  had show n
1 B o le x  P a i l  l a r d  : M a r c o n i  In s t r u m e n ts  L t d .  , S t .  A lb a n s
2 P a n  F  : I l f o r d  L t d .  , I l f o r d .
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an a v e r a g e  sp eed  o f 2. 5 f r a m e s  p e r  secon d  ( C R A W L E Y  
19 6 5 ) .  E x p o s u r e s  w e r e  m ade w i th  such a sys tem  c o n n e c te d
3
to a N ik o n  F  c a m e r a  u s in g  a 55  mm M i c r o - N i k k o r  le n s  at an  
a p e r t u r e  of f / 3 .  5.
It has  been e x p la in e d  p r e v io u s ly  that the e x p o s u r e  
t im e  r e q u i r e d  f o r  s c r e e n  p h o to g ra p h y  is  V 2 5  s e co n d . S u c h  
t im e  e x p o s u r e  w a s  not a v a i l a b le  on the  s h u t t e r  sp eed  d ia l o f  
the c a m e r a ,  but s a t i s f a c t o r y  im ag es  on th e  n e g a t iv e s  w e r e  
o b ta in e d  w i th  an e x p o s u r e  t im e  o f V 3 0  s e co r ,d* D u e  to the  
in te n s i ty  o f the l ig h t  f ro m  the  t e le v is io n  s c r e e n  a fa s t
4
p a n c h r o m a t ic  f i lm  w a s  u s e d . A f t e r  e x p o s u r e  a l l  f i lm s  w e r e
5
p r o c e s s e d  u s in g  an u l t r a - f i n e  g r a in  d e v e lo p e r  w h ic h  re d u c e d  
the g r a in  s i z e ,  g a v e  good to n e  s e p a r a t io n  and in c r e a s e d  the  
e m u ls io n  sp eed  o f  the  f i lm .  A  d i lu t io n  te c h n iq u e  w a s  u sed  
in d e v e lo p m e n t  a c c o r d in g  to the  m a n u f a c t u r e r 1 s i n s t r u c t io n s ,  
b e in g  u s e d  o n c e  and then  d is c a r d e d .  T h is  te c h n iq u e  w a s  
a d v a n ta g e o u s  as  it  g a v e  c o n s is te n c y  o f  r e s u l t s  to g e th e r  w i th  
an in c r e a s e d  im ag e  s h a r p n e s s .  F i l m s  w e r e  f ix e d  in a 
s ta n d a rd  f i x in g  s o lu t io n ,  w a s h e d ,  and d r ie d .
A l l  e x p o s u r e s  w e r e  m ade w i th  the  c a m e r a  m ounted  on 
a t r ip o d  at a f ix e d  d is t a n c e  f r o m  the  t e le v is io n  s c r e e n  ( F ig .  
6 , 7 ) .  F o l lo w in g  p r o c e s s in g  r e le v a n t  f r a m e s  w e r e  p r in t e d  
on K o d a k  E k t a m a t ic  P a p e r  G r a d e  2 ,  d e s ig n e d  f o r  u s e  w i th
g
an a u to m a t ic  p r o c e s s in g  m a c h in e .  P r i n t s  f r o m  each  f r a m e
3 N ik o n  F .  : N ip p o n  K o g a k u ,  T o k y o ,  Ja p a n
4 T r i - X  : K o d a k  L t d .  , L o n d o n
5 P r o m i c r o l  : M ay  and B a k e r  L t d .  , D a g e n h a m
6 K o d a k  A u t o - P r o c e s s o r  M odel Q 1 4 : K o d a k  L t d .  , L o n d o n
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w e r e  m ade to a s ta n d a rd  e n la r g e m e n t .  A n  e x a m p le  o f  
the q u a l i ty  o f  p r in t  o b ta in e d  u s in g  th e s e  te c h n iq u e s  is  
shown in F i g .  6 ,  8.
A s  the  p r i n t s  p ro d u c e d  w e r e  u s e d  in th e  m e a s u re m e n t  
a n a l y s is ,  c o n s id e r a b le  c a r e  w a s  ta k e n  in th e  s ta n d a r d is a t io n  
o f  te c h n iq u e s  p a r t i c u l a r l y  w i th  r e g a r d  to c a m e r a  p o s i t io n ,  
f i lm  p r o c e s s in g ,  and  e n la r g e m e n t  and p r o c e s s in g  of p r in t s .
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P r o s t h o d o n t ic  r e s e a r c h  a t  th e  school  
o f  a e r o - s p a c e  m e d ic in e  
J . p r o s t h .  D e n t  1 3 : 4 9
B R I L L ,  N .  , L A M M I E ,  G . A .  , M a n d ib u la r  p o s i t io n s  and m a n d ib u la r  
O S B O R N E ,  J .  , and  P E R R Y ,  m o v e m e n ts .
H .  T .  ( 1 9 5 9 )  B r i t .  d e n t .  J . 1 0 6  : 391
B R I T I S H  S T A N D A R D S  
I N S T I T U T I O N  (1 9 6 9 )
C A N N O N ,  W . B . , and  
M O S E R ,  A .  (1 8 9 8 )
C H I C K ,  A .  O .  (1 9 4 9 )
C H R I S T E N S E N ,  C .  (1 9 0 5 )  
C L E A L L ,  J . F .  (1 9 6 5 )  
C O O P E R ,  H .  K . (1 9 5 6 )
C R A D D O C K ,  F . W .  (1 9 4 9 )
C R A D D O C K ,  F . W .  (1 9 5 6 )
C R A I G ,  R .  G. , E I C K ,  J . D .  , 
and P E Y T O N ,  F .  A .  (1 9 6 5 )
G lo s s a r y  o f  te r m s  r e l a t i n g  to d e n t is t r y  
B S  4 4 9 2  : 1 9 6 9 .  L o n d o n  : B r i t i s h  
S ta n d a r d s  In s t i tu t io n .
T h e  m o vem en ts  o f  food in the  e s o p h a g u s  
A m e r .  J . P h y s i o l .  1_ : 4 3 5
T h e  f o r w a r d  m o vem ent o f the  m a n d ib le  
d u r in g  b i t e  c lo s u r e  and i ts  r e la t io n  to 
e x c e s s iv e  a l v e o l a r  r e s o r p t io n  in 
e d e n tu lo u s  c a s e s .
B r i t .  d e n t .  J. 87  : 2 4 3
T h e  p r o b le m  o f  the  b i te  
D e n t .  C o s m o s  4 7  : 1 1 8 4
D e g lu t i t io n  : a s tudy  o f fo r m  and fu n c t io n .  
A m e r .  J. O r th o d o n t .  5|_ : 5 6 6
C in e f lu o r o g r a p h y  w i th  im a g e  in t e n s i f i c a t io n  
as  an a id  in t r e a tm e n t  p la n n in g  f o r  som e  
d e ft  l ip  a n d / o r  c le f t  p a la t e  c a s e s .
A m e r .  J . O r th o d o n t .  4 2  : 8 1 5
T h e  a c c u r a c y  and p r a c t i c a l  v a lu e  o f  
r e c o r d s  o f  c o n d y le  path  in c l in a t io n  
J. A m e r .  d e n t .  A s s .  38 : 697
P r o s t h e t i c  D e n t i s t r y .  A  C l in ic a l  O u t l in e .  
3 r d  ed.
L o n d o n  : H e n r y  K im p to n
P r o p e r t i e s  o f n a t u r a l  w a x e s  u s e d  in  
d e n t is t r y
J. d e n t .  R e s .  4 4  : 1 308
-  163  -
C R A I G ,  R .  G . , E I C K ,  J . D .  , 
and P E Y T O N ,  F .  A .  (1 9 6 7 )
C R A W L E Y ,  G. (1 9 6 5 )
D O N N IS O N  , J . A .  and  
D O C K I N G ,  A .  R .  (1 9 6 0 )
D O U G L A S ,  J . R .  , and  
M A R I T A T O , F .  R .  (1 9 6 7 )
D O W N S ,  B .  H .  (1 9 6 3 )
S t r e n g t h  p r o p e r t i e s  o f  w a x e s  at  
v a r io u s  t e m p e r a t u r e s  and t h e i r  
p r a c t i c a l  a p p l ic a t io n .
J. d en t .  R e s .  4 6  : 300
T h e  N ik o n  S y s te m
L o n d o n  : H e n r y  G re e n w o o d  &  C o . L t d .
A lg in a t e  im p r e s s io n  m a t e r i a ls  
A u s t .  d e n t .  J .  5 : 280
A  r o e n tg e n o g r a p h ic  m ethod to d e te r m in e  
the  v e r t i c a l  d im e n s io n  o f o c c lu s io n  f o r  
c o m p le te  d e n t u r e s .
J . p r o s t h .  D e n t .  V7_ : 4 5 0
D is c u s s io n  o f  " P r o s t h o d o n t ic  r e s e a r c h  
in  p r o g r e s s  at the  school o f  A e r o s p a c e  
M e d ic in e 1' .
J . p r o s t h .  D e n t .  13 : 70
F E N N ,  H .  R .  B .  , L I D D E L O W ,  C l in ic a l  D e n ta l  P r o s t h e t i c s  2nd ed.
K . P .  and  G IM S O N ,  A .  P .  
(1 9 6 1 )
F I N N E G A N ,  F .  J .  (1 9 6 7 )
F I S H ,  S . F .  (1 9 6 1 )
F I S H ,  S . F .  (1 9 6 4 )
L o n d o n  : S t a p le s  P r e s s
D e t e r m in a t io n  o f  m a x il  l o - m a n d ib u la r  
f o r c e  g e n e r a te d  d u r in g  d e g lu t i t io n .
J. p r o s th .  D e n t .  J_7 : 1 34
T h e  fu n c t io n a l  an a to m y  o f  the  r e s t
p o s i t io n  o f  th e  m a n d ib le
D e n t .  P r a c t i t .  d e n t .  R e c .  JJ_ : 178
T h e  r e s p i r a t o r y  a s s o c ia t io n s  o f  the  
r e s t  p o s i t io n  o f  th e  m a n d ib le .
B r i t .  d e n t .  J . 1 1 6  : 149
-  1 6 4  -
F I S H E R ,  S i r  R .  A .  and  
Y A T E S ,  F .  (1 9 6 3 )
S t a t i s t i c a l  t a b le s  f o r  b io lo g ic a l  
a g r i c u l t u r a l  and m e d ic a l  r e s e a r c h  
E d in b u r g h  and L o n d o n  : O l i v e r  and  
B o yd .
F L A N A G A N ,  J . B .  J r .  (1 9 6 3 )  T h e  2 4 - h o u r  p a t t e r n  o f  s w a l lo w in g  in
man
In t .  A s s .  d e n t .  R e s .  A b s .  N o .  165  
M a r c h  1 96 3 .
F R A Z I E R ,  Q .  Z .  , W E S L E Y ,  T h e  r e l a t i v e  r e p e a t a b i l i t y  o f  p l a s t e r  
R . C .  , L U T E S ,  M. R .  , in t e r o c c lu s a l  e c c e n t r i c  r e c o r d s  f o r
H E N D E R S O N ,  D .  , R A Y S O N ,  a r t i c u l a t o r  a d ju s tm e n t  in c o n s t r u c t io n
J. H .  , E L L I N G E R , C .  W . , 
R A H N , R .  O .  , and H A L E Y  , 
J . V .  (1 9 7 1 )
G E I S S L E R ,  P .  R . (1 9 7 1 )
G I L L  A M ,  E .  (1 9 6 9 )
o f  c o m p le te  d e n tu r e s .
J. p r o s t h .  D e n t .  2 6  : 4 5 6
A  p r e l i m i n a r y  r e p o r t  on s tu d ie s  o f  
m a n d ib u la r  m o v e m e n ts  in s p e e c h  
D e n t .  P r a c t i t .  d e n t .  R e c .  2_1_ : 4 2 9
M a t e r i a l s  u n d e r  s t r e s s  
L o n d o n  : N e w n e s - B u t t e r w o r t h s .
G I L L I N G S ,  B .  R .  D .  , 
K O H L ,  J . T .  and Z A N D E R ,  
H . A . (1 9 6 3 )
G I L L I S , R .  R .  (1 9 4 1 )
C o n ta c t  p a t t e r n s  u s in g  m in ia t u r e  r a d io
t r a n s m i t t e r s
J . d e n t .  R e s .  4 2  : 177
E s t a b l is h in g  v e r t i c a l  d im e n s io n  in  fu l l  
d e n tu r e  c o n s t r u c t io n .
J. A m e r .  d e n t .  A s s .  28  : 4 3 0
G L I C K M A N ,  I ,  P A M E I J E R ,  
J . H .  N .  and R O E B E R ,  F . W .
(1 9 6 8 )
G R A F ,  H .  , and  Z A N D E R ,  
H .  A .  (1 9 6 3 )
I n t r a - o r a l  o c c lu s a l  t e le m e t r y .  P a r t  I 
J . p r o s t h .  D e n t .  19 : 60
T o o th  c o n ta c ts  in m a s t ic a t io n  
J. p r o s t h .  D e n t .  13 : 1 0 5 5
-  165  -
G R A N T ,  A .  A .  ( 1 9 6 2 )
G Y S I , A .  (1 9 1 0 )
G Y S I , A .  (1 9 2 9 )
H A L L ,  I . H .  (1 9 6 8 )
H A N A U ,  R .  L .  (1 9 2 3 )
E f f e c t  o f  in v e s tm e n t  p r o c e d u r e  on 
tooth  m ovem en t.
J . p r o s t h .  D e n t .  ]_2 : 1 0 5 3
T h e  p ro b le m  o f  a r t i c u la t io n  
D e n t .  C o sm o s  62 : 1
P r a c t i c a l  a p p l ic a t io n  o f  r e s e a r c h  
r e s u l t s  in d e n t u r e  c o n s t r u c t io n  
J. A m e r .  d e n t .  A s s .  1_6 : 199
D e f o r m a t io n  o f S o l id s
N o r t h e r n  I r e l a n d  : T h e  U n i v e r s i t i e s
P r e s s  L t d .
T h e  r e la t i o n  b e tw e e n  m e c h a n ic a l  
and a n a to m ic a l  a r t i c u l a t io n  
J. A m e r .  d e n t .  A s s .  10 : 7 7 6
H A N N A N ,  A .  G. , M A T T H E W S , C h a n g e s  in th e  a c t i v i t y  o f  th e  m a s s e te r
B . , and Y E M M ,  R .  (1 9 6 9 )
H A R P E R ,  R .  N .  (1 9 4 2 )
H A R V E Y ,  W .  (1 9 4 8 )
m u s c le  f o l lo w in g  tooth  c o n ta c t  in man  
A r c h ,  o r a l  B io l .  _1_4 : 1401
V e r t i c a l  d im e n s io n  in c o m p le te  d e n t u r e  
p r o s t h e s is .
J. A m e r .  d e n t .  A s s .  2 9  : 7 6 2
In v e s t ig a t io n  and s u r v e y  o f  m a lo c c lu s io n  
and e a r  s y m p to m s ,  w i th  p a r t i c u l a r  
r e f e r e n c e  to o t i t i c  b a r o t r a u m a .
B r i t .  d e n t .  J . 8 5  : 2 1 9
H E I N T Z ,  W . D .  , and  
P E T E R S ,  G . W . (1 9 5 9 )
E s t h e t i c  o c c lu s io n  r im s  p r o v id in g  f o r  
j a w  r e la t io n s  
J . p r o s t h .  D e n t .  9 : 5 8 7
H I C K E Y ,  J . C .  , W I L L I A M S ,  S t a b i l i t y  o f  m a n d ib u la r  r e s t  p o s i t io n
B .  H .  W O E L F E L ,  J . B .  (1 9 6 1 )  J . p r o s t h .  D e n t .  J_1_ : 5 6 6
-  1 6 6  -
H I L L ,  S i r  A .  B.  ( 1 9 6 7 ) P r i n c i p l e s  o f  M e d ic a l  S t a t i s t i c s  8 th  ed. 
L o n d o n  : T h e  L a n c e t  L t d .
H I N D M A N ,  H . , and B U R R ,  
G. S .  (1 9 4 9 )
T h e  In s t r o n  t e n s i le  t e s t e r  
T r a n s .  A m e r .  S o c .  M ech . E n g .  
71 : 7 8 9
I N G E R V A L L ,  B . (1 9 6 4 ) R e t r u d e d  c o n ta c t  p o s i t io n  o f m a n d ib le .  
A  c o m p a r is o n  b e tw e e n  c h i ld r e n  and  
adul ts
O d o n t.  R e v y .  L5 : 1 30
P o s i t io n  and m o vem en ts  o f  m a n d ib le  
and h y o id  bone  d u r in g  s w a l lo w in g .
I N G E R V A L L ,  B .  , B R A T T ,
C . M. , C A R L S S O N ,  G . E .  ,
H E L K I M O ,  M . , and L A N T Z ,  A  c in e r a d io g r a p h ic  s tu dy  o f s w a l lo w in g
B . (1 9 7 1 ) w i th  and w ith o u t  a n a e s th e s ia  o f  the  
te m p o r o m a n d ib u la r  jo in t s .
A c ta ,  odont s can d  29  : 5 4 9
I N G E R V A L L ,  B .  , B R A T T ,  D u r a t io n  o f  s w a l lo w in g  w i th  and w ith o u t
C .  M. C A R L S S O N ,  G . E .  , a n a e s th e s ia  o f  the  te m p o ro m a n d ib u l  a r
H E L K I M O ,  M. , and L A N T Z ,  jo in t s
B . , (1 9 7 2 )  S c a n d .  J . d e n t .  R e s .  80  : 189
I S M A I L ,  Y .  H .  , and G E O R G E , T h e  c o n s is te n c y  o f the  s w a l lo w in g
W . A .  (1 9 6 8 )
I S M A I L ,  Y .  H .  , (1 9 6 9 )
J A N K E L S O N ,  B . , 
H O F F M A N  , G. M . , and  
H E N D R O N ,  J .  A .  (1 9 5 3 )
J A R V I S ,  E .  C .  (1 9 6 3 )
te c h n iq u e  in d e t e r m in in g  o c c lu s a l  
v e r t i c a l  r e la t io n  in e d e n tu lo u s  p a t ie n ts  
J. p r o s th .  D e n t .  J_9 : 230
P e r s o n a l  C o m m u n ic a t io n
T h e  p h y s io lo g y  o f  the  s to m a to g n a th ic  
sys tem
J. A m e r .  d e n t .  A s s .  4 6  : 3 7 5
A  m ethod o f  r e c o r d in g  c e n t r i c  r e la t i o n  
J. p r o s th .  D e n t .  13 : 617
-  1 67  -
J E N K I N S ,  G. N .  ( 1 9 6 6 )
J O F F E , B . M .  (1 9 6 1 )  
K A I R E S , A .  K .  (1 957 )
K A N T O R O W I C Z ,  A .  (1 9 3 2 )
K A P U R ,  K .  K .  and  
Y U R K S T A S ,  A .  A .  (1 9 5 7 )
K E E L E ,  C .  A .  , and N E I L ,
E .  (1 9 7 1 )
K O V A T S ,  J . J . (1 9 6 7 )
K U R T H ,  L . E .  (1 9 4 2 )  
K U R T H ,  L . E .  (1 9 5 9 )
T h e  P h y s io lo g y  o f  the  M outh . 3 r d  ed.  
O x f o r d  : B la c k w e l l  S c i e n t i f i c  
P u b l ic a t io n s .
N o rm a l  d e g lu t i t io n .
J. d e n t .  A s s .  S .  A f r .  J_6 : 1 1
A  s tudy  o f o c c lu s a l  c o n ta c ts  in 
a r t i f i c i a l  d e n tu r e s .
J .  p r o s th .  D e n t .  7 : 5 5 3
K l in is c h e  Z a h n h e i  I k u n d e  
B e r l i n  : V e r l a g  H e r m a n n  M e u s s e r
A n  e v a lu a t io n  o f  c e n t r i c  r e la t io n  
r e c o r d s  o b ta in e d  by v a r io u s  te c h n iq u e s .  
J . p r o s th .  D e n t .  7 : 770
S a m s o n  W r i g h t ' s  A p p l ie d  P h y s io lo g y .
1 2 th  ed.
L o n d o n  : O x f o r d  U n i v e r s i t y  P r e s s .
O v e r c l o s u r e  o f  the  j a w s  : a c l in ic a l  
s y n d ro m e .
J . p r o s t h .  D e n t .  J_8 : 31 1
M a n d ib u la r  m o v e m e n ts  in m a s t ic a t io n  
J . A m e r .  d e n t .  A s s .  2 9  : 1 7 6 9
M e th o d s  o f  o b ta in in g  v e r t i c a l  d im e n s io n  
and c e n t r i c  r e la t io n .  A  p r a c t i c a l  
e v a lu a t io n  o f  v a r io u s  m eth o d s  
J. A m e r .  d e n t .  A s s .  5 9  : 6 6 9
K V A M ,  E .  , and K R O G S T A D ,  G e o m e t r ic  e r r o r s  in  m e a s u re m e n ts  on 
O . , ( 1 9 7 1 )  X - r a y  f i lm s
A c t a  o d o n t.  s c a n d . 29  : 1 8 5
K Y D D ,  W . L .  , and  
S A N D E R ,  A .  (1 9 6 1 )
K Y D D ,  W . L .  , and  
N E F F ,  C . W .  (1 9 6 4 )
A  s tud y  o f p o s t e r i o r  m a n d ib u la r  
m o vem en ts  f ro m  in t e r c u s p a l  o c c lu s a l  
p o s i t io n
J. d e n t .  R e s .  4 0  : 4 1 9
F r e q u e n c y  o f  d e g lu t i t io n  o f to n g u e  
t h r u s t e r s  c o m p a re d  to a s a m p le  
p o p u la t io n  o f  n o rm a l s w a l lo w s .
J . d e n t .  R e s .  4 3  : 363
K Y D D ,  W . L .  , H A R R O L D ,  W .  ,A  te c h n iq u e  f o r  c o n t in u o u s ly  m o n i to r in g
and S M I T H ,  D .  E .  (1 9 6 7 )  th e  in t e r o c c lu s a l  d is ta n c e
J . p r o s t h .  D e n t .  JJ3 : 308
L A I R D ,  W . R .  E .  , M A N S O N ,  M e a s u r e m e n t  o f  o c c lu s a l  too th  s e p a r a t io n
G. , D A V I E S ,  E .  H .  , and von by m ean s  o f  e l e c t r i c a l  f i e ld  v a r i a t i o n s .
F R A U N H O F E R ,  J . A .  (1 9 7 1 )  B io -m e d .  E n g n g .  6 : 5 0 4
L A I R D ,  W . R .  E .  (1 9 7 2 )
L A M M I E ,  G .  A .  , and  
O S B O R N E ,  J . (1 9 5 4 )
L A M M I E ,  G . A .  (1 9 5 6 )
L A N D A ,  J .  S .  (1 9 5 4 )
L A S T ,  R .  J .  ( 1 9 5 5 )
In te r m a x i l  l a r y  r e la t i o n s h ip s  d u r in g  
d e g lu t i t io n
P a p e r  p r e s e n t e d  to A n n u a l M e e t in g  o f  
B r i t i s h  S o c ie t y  f o r  th e  S tu d y  o f  
P r o s t h e t i c  D e n t i s t r y ,  A p r i l  1 9 7 2
T h e  b i l a t e r a l  f r e e  end s a d d le  lo w e r  
d e n t u r e
J . p r o s t h .  D e n t .  4  : 4 6 0  
F u l l  D e n t u r e s
O x f o r d  : B la c k w e l l  S c i e n t i f i c  P u b l i c a t i o n s
P r a c t i c a l  F u l l  D e n t u r e  P r o s t h e s i s  2nd  ed.  
L o n d o n  : H e n r y  K im p to n
T h e  m u s c le s  o f  th e  h e a d  and n e c k .
A  r e v i e w
In t .  d e n t .  J . 5 : 338
-  1 69 -
L E G G A T T ,  D .  P .  ( 1 9 6 5 )
L E I G H T O N ,  B . C .  (1 9 6 0 )
L U N T ,  D .  A .  (1 9 6 6 )  
L Y T L E ,  R .  B .  (1 9 6 4 )
M c G E E  , G. F .  (1 9 4 7 )
M c K E V I T T ,  F . H .  (1 9 5 7 )
M c M I L L A N ,  D .  R .  , and  
1 M B E R ,  S .  (1 9 6 8 )
M c M I L L A N ,  D .  R .  
B A R B E N E L  , J . C .  , and  
Q U I N N ,  D .  (1 9 7 0 )
M A C K ,  A .  (1 9 6 4 )  
M A H L E R ,  D .  B .  (1 9 5 5 )
T e le v is io n  r e c o r d in g .  In the F o c a l  
E n c y c lo p a e d ia  o f  P h o to g r a p h y  2 : 1 5 2 3  
L o n d o n  and N e w  Y o r k  : F o c a l  P r e s s .
E a r l y  d e v e lo p m e n t  o f  the d e c id u o u s  
d e n t i t io n .
T r a n s .  B . S .  S .  O .
D e n t .  P r a c t i t .  d e n t .  R e c .  J_0 : 100
A n o d o n to m e t r ic  s tud y  o f  m e d ia e v a l  D a n e s  
P h . D .  T h e s is  : U n i v e r s i t y  o f G la s g o w
V e r t i c a l  r e la t io n  o f  o c c lu s io n  by the  
p a t ie n t 's  own n e u r o m u s c u la r  p e r c e p t io n .
J . p r o s t h .  D e n t .  ]_4 : 12
U s e  o f  f a c ia l  m e a s u re m e n ts  in d e t e r ­
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F a c t o r s  in the  p o s i t io n  o f  the  m a n d ib le  
J. A m e r .  d en t .  A s s .  2 9  : 9 2 5
T h e  r e s t  p o s i t io n  o f  the  m a n d ib le  and  
i ts  s ig n i f ic a n c e  to d e n ta l  s c ie n c e .
J. A m e r .  d e n t .  A s s .  33^: 151
F a c t o r s  a f f e c t in g  s u p p o r t  o f  fu l l  
d e n tu r e s .
M. D .  S .  T h e s is  : U n i v e r s i t y  o f G la s g o w
M o n i t o r in g  m a n d ib u la r  p o s t u r e  
J. B io m e c h .  2 : 319
T h e  v e r t i c a l  d im e n s io n .  A  r e p r o d u c ib le  
m ethod f o r  th e  d e te r m in a t io n  o f  the  
v e r t i c a l  d im e n s io n  o f  o c c lu s io n .  
N e t h e r la n d s  d e n t .  J . 7 4  : S u p p l .  4 ,  55
T h e  r e la t io n s h ip  b e tw e e n  th e  v e r t i c a l  
d im e n s io n  o f  o c c lu s io n  and f o r c e s  
g e n e r a t e d  by c lo s in g  m u s c le s  o f  
m a s t ic a t io n .
J . p r o s th .  D e n t .  22 : 2 8 4
C in e r a d io g r a p h ic  s tu d ie s  o f  ton gue  
b e h a v io u r .
T r a n s .  B . S .  S .  O .
D e n t .  P r a c t i t .  d e n t .  R e c .  10 : 135
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T U R N E R ,  L .  C .  ( 1 9 6 9 )
T U R R E L L ,  A .  J . W . (1 9 5 5 )
T U R R E L L ,  A .  J . W .  (1 9 6 8 )
T U R R E L L ,  A .  J . W .  (1 9 7 2 )
W A G N E R ,  A .  G . (1 9 7 0 )
W A R D ,  B .  L .  , and  
O S T E R H O L T Z ,  R .  H .  (1 9 6 3 )
W A T S O N ,  R .  M . (1 9 7 2 )
W A T T ,  D .  M. (1 9 5 2 )  
W I L L I S ,  F . M .  (1 9 3 0 )  
W I L L I S ,  F . M .  (1 9 3 5 )
T h e  p r o f i l e  t r a c e r  : m ethod f o r  
o b ta in in g  a c c u r a t e  p r e - e x t r a c t i o n  
r e c o r d s .
J. p r o s t h .  D e n t .  2J_ : 364
T h e  p r e - e x t r a c t i o n  r e c o r d in g  o f  the  
v e r t i c a l  d im e n s io n  by an i n t r a - o r a l  
m ethod .
D e n t .  P r a c t i t .  6 : 68
V e r t i c a l  d im e n s io n  as  it  r e l a t e s  to  
a n g u la r  c h e i lo s is .
J . p r o s t h .  D e n t .  : 119
C l in ic a l  a s s e s s m e n t  o f v e r t i c a l  
d im e n s io n .
J .  p r o s th .  D e n t .  2Q_ : 238
M a k in g  d u p l ic a t e  d e n t u r e s  f o r  u s e  as  
f in a l  im p r e s s io n  t r a y s .
J. p r o s t h .  D e n t .  2 4  : 1 1 1
E s t a b l is h in g  th e  v e r t i c a l  r e la t io n  o f  
o c c lu s io n .
J . p r o s th .  D e n t .  1_3 : 4 3 2
M a s t ic a t o r y  a b i l i t y  -  c i n e r a d io g r a p h ic  
o b s e r v a t io n s .
J . D e n t i s t r y  J_ : 54
T h e  b i t e - t r a y  te c h n iq u e .
In t .  d e n t .  J . 3 : 74
E s t h e t ic s  o f  fu l l  d e n t u r e  c o n s t r u c t io n  
J . A m e r .  d e n t .  A s s .  1_7 : 6 3 6
F e a t u r e s  o f  th e  fa c e  in v o lv e d  in fu l l  
d e n t u r e  p r o s t h e t i c s .
D e n t .  C o s m o s  77  : 8 5 1 .
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W I L S O N ,  H .  J . and  
S M I T H ,  D .  C . (1 9 6 3 a )
A lg in a t e  im p r e s s io n  m a t e r i a ls .  
B r i t .  d en t .  J. 1 14 : 20
W I L S O N ,  H .  J . , and  
S M I T H ,  D .  C .  (1 9 6 3 b )
W I R T H ,  C . G. (1 9 7 1 )
W R I G H T ,  W .  H .  (1 9 3 9 )
V I E R H E L L E R ,  P .  G . (1 9 6 8 )
Y O U N G ,  H .  A .  (1 9 4 9 )
Y U R K S T A S ,  A .  A .  , and  
E M E R S O N ,  W . H .  (1 9 5 4 )
T h e  b o n d in g  o f a lg in a t e  im p r e s s io n  
m a t e r ia ls  to im p r e s s io n  t r a y s .
B r i t .  d e n t .  J. 11 5 : 291
In te r o c c lu s a l  c e n t r i c  r e la t io n  r e c o r d s  
f o r  a r t i c u l a t o r  m ounted  c a s ts .
D e n t .  C l in .  N .  A m e r .  J_5 : 627
U s e  o f  i n t r a - o r a l  ja w  r e la t io n  w a x  
r e c o r d s  in c o m p le te  d e n t u r e  p r o s t h e s is  
J. A m e r .  d e n t .  A s s .  2 6  : 5 4 2
A  fu n c t io n a l  m ethod f o r  e s t a b l is h in g  
v e r t i c a l  and  t e n t a t iv e  c e n t r i c  
m a x i l lo m a n d ib u la r  r e la t io n s .
J . p r o s th .  D e n t .  • 5 8 7
D ia g n o s is  o f  p r o b le m s  in c o m p le te
d e n t u r e  p r o s t h e s is
J . A m e r .  d e n t .  A s s .  3& : 185
A  s tu d y  o f tooth c o n ta c t  d u r in g  
m a s t ic a t io n  w i th  a r t i f i c i a l  d e n t u r e s .
J . p r o s t h .  D e n t .  4  : 168
A l l  the  r e f e r e n c e s  l is t e d  h a v e  b een  
e x a m in e d  p e r s o n a l l y  w i th  th e  e x c e p t io n  
o f  K A N T O R O W 1 C Z  (1 9 3 2 )  w h ic h  is  
quoted  f r o m  T 1 M M E R  (1 9 6 7 ) .
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May 1973 .
S E C T I O N  1
F i g u r e  1 , 1a
The ver t ic a l  dimension of occlusion.  At  
this v er t ica l  dimension,  the m a x i l l a ry  and 
mandibular p o s te r io r  teeth a r e  in contact.
-  1 -
F i  g u re  1 , 1 b
The rest  ver t ica l  dimension.  At this v er t ica l  
dimension,  the m a x i l la ry  and mandibular  
p o s te r io r  teeth a re  separated by the extent  
of the inte rocclusal  c learance .
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F i g u r e  1 , 2a
A  B
P r o f i l e  v iew of a subject at the c o r re c t  ver t ica l  
dimension of occlusion (A) and at an excessive  ver t ica l  
dimension of occlusion (B).  At the excessive  ver t ica l  
dimension there  is an increase  in the chin to nose distance  
with e l imination of the labio-menta l  groove.
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F i g u r e  1 , 2b
A  B
F a c ia l  v iew  of a subject at the c o r r e c t  v er t ic a l  dimension  
of occlusion (A) and an excess ive ve r t ic a l  dimension of occlusion  
(B). At the excess ive  ver t ic a l  dimension,  there  is an increase  in 
ver t ica l  height of the lower  p a r t  of the fa c e ,  and loss of  definit ion  
of the nasolabial  grooves.  The  face assumes a s t ra ined  appearance.
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F i g u r e  1 , 3a
A  B
P r o f i l e  v iew of a subject at the c o r re c t  v er t ica l  
dimension of occlusion (A) and at an insuff icient  ver t ica l  
dimension of occlusion (B). At the insuff icient ver t ica l  
dimension there  is a tendency to a decreased chin to 
nose distance with deepening of the lab io-mental  groove  
and some fo r w a r d  postur ing of the mandible.
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F i  g u r e  1 , 3b
A  B
F a c ia l  v iew of a subject at the c o r re c t  ver t ica l  
dimension of occlusion (A ) ,  and at an insuff icient  
ver t ica l  dimension of occlusion (B). At the 
insuff icient ver t ic a l  dimension there  is loss of 
ver t ica l  height in the lower  par t  of the face and 
the verm i l ion  b o rd e rs  of the l ips a re  no longer  
visibl e.
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S E C T I O N  2
F igure  2, 1
The  Dakometer  
The c a r r i e r  with impression compound (A) is placed  
against the br idge of the nose and the adjustable  
chinpiece (C) against the chin. The  posit ion of the 
upper cential inc is ors  is recorded  by the attachment  
(B).
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F i g u r e  2 ,  2
The Wi 11 is Gauge  
The f ixed arm (A) is placed at the base of the 
nose and the movable arm (B) is brought into 
contact with the skin ov er ly ing  the chin.
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S E C T I O N  3
T A B L E  3 , 1 .
S u b je c ts D e n tu lo u s
E d e n tu lo u s
T O T A Lw ithout
d e n tu re s
w ith
d e n tu re s
F i  r s t  P a r t
( t ra n s m it t in g  
coi I ) 10 0 0 10
S eco nd  P a r t  
( f lu o ro g ra p h ic ) 30 20 10 60
T h e  num ber o f  s u b je c ts  in each group in each p a r t  o f the 
in v e s t ig a t io n .
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T A B L E  3 , 2
A ge
G roups D entul ous
E d e n tu lo u s
T O T A Lwi thout 
d e n tu re s
wi th
d e n tu re s
20 and 
und er 9 0 0 9
21 -3 0 15 0 0 15
31 - 4 0 3 1 0 4
41 -5 0 3 5 2 10
51 - 6 0 0 2 3 5
O v e r  60 0 12 5 17
T h e  num ber of s u b je c ts  in both p a r t s  o f the in v e s t ig a t io n  
grouped  a c c o rd in g  to age.
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F i g u r e  3 , 1 .
3 -3 52  M Hz 
O S CILLA TO R
<  L „ AM PLIFIER
and
R EC TIF IER
t r a n s m i t t i n g  p i c k - u p
A  block diagram of the transmit t ing and rece iv in g  
apparatus showing the re la t ionships of the coi ls.
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F i g u r e  3 ,  2.
A p r im ary  copper coil of 15 turns (A) and a secondary  
copper coil of 200 turns (B) round a core  of diameter  
6. 5 mm (x 1 .5 ) .
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F i g u r e  3 ,  3
The P oten t iom etr ic  R e c o rd e r  
(RE 51 1 S tandard  S e rv o s c r ib e )
- 1 3 -
F i g u r e  3 ,  4
A  subject with coi ls in place  in the mouth and l inked  
to the t ra n s m i t t in g / re c e iv in g  apparatus (A) and the 
potent iometr ic  r e c o r d e r  (B).
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F i g u r e  3 ,  5
JAW  SEPARATION (mms.)
2 3 4
45 29 24 20 17
TRACE DEFLECTION (mms.)
14
The re la t ionship  between the r e c o r d e r  pen deflect ion  
and the known coil separat ion during  ca l ib ra t ion  tests.  
The maximum signal strength is obtained when the 
coils a re  in contact,  and at this point there  is 
maximum pen deflect ion.
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A  ca l ib ra t ion  curve  showing the re la t ionship  between  
the r e c o r d e r  pen deflect ion and jaw separation.
- 1 6 -





X -ray  Monitor
Mixer
Split-image MonitorVideo Recorder
Diagrammatic  representa t ion  of the X - r a y  machine,  
te levision and record ing  apparatus.
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F i g u r e  3 ,  8
The image in te ns i f ie r  (A) and the X - r a y  tube (B)
at opposite ends of the curved "C" arm.
-  18 -
F i g u r e  3 ,  9
A  general  v iew of the X - r a y ,  te lev is ion and record ing  
equipment with a subject in posit ion p r i o r  to 
rad iography
A. X - r a y  tube
B. Image in tens i f ie r
C. T e lev is ion  camera
D. Te lev is io n  monitors
E. Vi  d e o - r e c o r d e r
F i g u r e  3 ,  10
Subject positioned fo r  a la tera l  jaw radiograph with the 
latera l  sur face  of the face against the housing of the image 
in te n s i f ie r ,  and the median plane of the head at r ight angles to 
the central  X - r a y  beam.







The re fe re n c e  points and l ines from which measurements  
were  made.
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F i  g u re  3 ,  12
The c a l ip e r  gauge with the sl iding v e r n i e r  scale used 
in the measurement analysis .
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S E C T I O N  4









The c i rc u i t  diagram of the transmit t ing  
and re ce iv ing  apparatus.
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F i g u r e  4 ,  2
A  dentulous skull posit ioned fo r  a la tera l  jaw  
radiograph with the p re m ola r  teeth at a dis tance of 40 mm from  
the housing of the image in te ns i f ie r .  The points of r e fe re n c e  
(lead pe l le ts )  may be seen in the p re m o la r  and in c is or  regions.
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T A B L E  4 ,  1
D is ta n c e  of 
skull fro m  
s c re e n  (mm)
P e l l e t  s e p a ra t io n  
on skul I 
(mm)
P e l l e t  s e p a ra t io n  
on im age  
(mm)
C o r r e c t io n
f a c t o r
40 25. 7 17. 9 1 . 4 3 6
A  50 25. 7 18. 0 1. 428
60 25. 7 1 8. 2 1 . 41 2
40 25. 5 17. 8 1. 4 3 3
B 50 25. 5 1 7. 9 1 .4 2 5
60 25. 5 18. 2 1 . 401
C o r r e c t io n  fa c to r s  f o r  the p r e m o la r  re g io n  (A) and the in c is o r  
re g io n  (B) o f a d en tu lo u s  sku ll  p o s it io n e d  at v a r io u s  d is ta n c e s  
from  the housing  of the im age in t e n s i f ie r .
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T A B L E  4 ,  2
A n g le  of  
skul I
P e l l e t  s e p a ra t io n  
on skull  
(mm)
P e l l e t  s e p a ra t io n  
on im age  
(mm)
C o r r e c t io n
fa c to r
1 5 ° 25. 7 18. 0 1. 428
A
3 0 ° 25. 7 1 6. 3 1. 576
150 25. 5 17. 5 1 . 457
B
3 0 ° 25 . 5 1 6. 0 1. 593
C o r r e c t io n  fa c t o r s  f o r  the p r e m o la r  re g io n  (A ) and the in c is o r  
re g io n  (B) of a den tu lou s  sku ll  p o s it io n e d  at 50 mm fro m  the  
image in t e n s i f i e r ,  and t i l te d  at an g les  of 1 5 °  and 3 0 °  f ro m  the  
h o r iz o n ta l  to w a rd s  the s c re e n .
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F i g u r e  4 ,  3
The T r a v e l l in g  Microscope
(W. G. P ye  and Co. L td .  , Cambridge)
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F i  g ure  4 ,  4













The a reas  of measurement in the p re p a re d  sections of a complete  
denture :
A. The in te r -bucca l  distance
B. Depth of sulcus
C. Th ickness  of palate.
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T A B L E  4 ,  3
M easu rem e nt S e c t io n M a s te r
D e n tu r e
(mm)
Dupl ic a te  
D e n tu re  
(mm)
D i f f e r e n c e
(mm)
In te r -b u c c a l A 67. 03 6 6 . 8 0. 23
di s tance B 47 . 89 4 8 .  18 0. 29
Depth  of su lcu s A 8 . 94 8 . 68 0 . 26
( le ft ) B 1 0 . 82 10. 37 0 . 45
Depth  o f su lcus A 9. 0 8 . 62 0 . 28
(r ig h t ) B 8 . 62 8 . 67 0 . 05
T h ic k n e s s  of A 2 . 1 6 2. 3 0 . 14
pal a te B 4. 63 4. 92 0. 29
M e a s u re m e n ts  r e c o r d e d  (mm) f ro m  s e c t io n s  of a m a s te r  and  
d u p lic a te  u p p er  d e n tu r e ,  cut v e r t i c a l l y  at the d is ta l  b o r d e r  
of the f i r s t  m o la r  teeth  (A ) and at the d is ta l  b o r d e r  o f the  
can ine  teeth  (B ) .
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T A B L E  4 ,  4
In v e s t ig a to r O c c lu s a l  T o o th  C o n ta c t
P r e s e n t A b sen t
W . R . E .  L .
(1) 31 29
W . R . E .  L .
(2) 33 27
F . B .  C . 29 31
T h e  in c id e n c e  o f o cc lu sa l tooth con tac t in 
dentu lous su b je c ts  d u r in g  60 s w a l lo w in g  sequ en ces  
as d e te rm in e d  by the a u th o r  (W . R .  E .  L .  ) on two  
s e p a ra te  o c c a s io n s ,  and by an independent  
in v e s t ig a to r  ( F .  B . C . ) on one o c c a s io n .
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T A B L E  4 ,  5
R e c o r d e r  P e n  
D efl ec t ion  
(mm)
Jaw  S e p a r a t io n  
(mm)
D i f f e r e n c e
(mm)
W . R . E .  L . M. H .
0 0 0 0
10 0 . 2 0 . 2 0
20 0. 4 0. 4 0
30 0. 7 0 . 7 0
40 1. 0 1 . 0 0
50 1. 3 1 . 35 +0. 05
60 1 . 8 1 . 8 0
70 2. 3 2. 3 0
80 2. 85 2. 85 0
90 3. 4 5 3. 55 +0. 1
100 4. 3 4. 4 5 +0. 1 5
V a lu e s  of ja w  s e p a ra t io n  d e r iv e d  f ro m  the r e c o r d e r  pen  
d e f le c t io n  on a c a l ib r a t io n  c u r v e  c o n s tru c te d  by the  
a u th o r  (W . R . E .  L . )  and an independent in v e s t ig a to r  
(M. H . ).
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T A B L E  4 ,  6
M easu rem e n t
No.
O b s e r v e r  A  
( W . R .  E .  L . )  
(mm)
O b s e r v e r  B  
(M. S .  S .  ) 
(mm)
D i f f e r e n c e
(mm)
1 26. 3 26 . 4 +0. 1
2 29. 3 29 . 3 0
3 35. 0 35. 0 0
4 31. 7 3 1 .8 +0. 1
5 38. 5 38. 5 0
6 32. 6 32. 6 0
7 29 29 0
8 33. 2 33. 2 0
9 30. 8 31 +0. 1
10 26. 5 26 . 5 0
D i f fe r e n c e s  (mm) re c o r d e d  be tw een  the a u th o r  (W . R .  E .  L .  ) and  
an independent in v e s t ig a to r  (M. S .  S .  ) o v e r  10 r e a d in g s  o f a 
cal ip e r  gauge.
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T A B L E  4 ,  7
M easu rem e nt
N o .
O b s e r v e r  A  
(W . R . E . L . )  
(mm)
O b s e r v e r  B  
(M. S .  S .  ) 
(mm)
D i f f e r e n c e
(mm)
1 41 . 1 41 .  1 0
2 36. 5 36. 4 - 0 .  1
3 37. 3 37. 3 0
4 28. 5 28 . 3 - 0 .  2
5 28. 8 28. 8 0
6 27. 5 27. 5 0
7 31 . 4 31. 5 +0. 1
8 36. 3 36. 2 - 0 .  1
9 39. 7 39. 7 0
10 32. 6 32. 7 +0. 1
11 34. 0 33. 8 - 0 .  2
12 35. 6 35. 6 0
1 3 38. 9 38. 7 - 0 .  2
14 35. 5 35. 6 +0. 1
15 36. 8 36. 6 - 0 .  2
16 28. 0 27 . 9 - 0 .  1
17 40 . 5 40 .  3 - 0 .  2
18 36. 2 36. 0 - 0 .  2
19 38. 0 37. 7 - 0 .  3
20 35. 0 35 . 0 0
D i f fe r e n c e s  in length  m easu rem en t v a lu e s  (mm) b e tw e e n  s im i la r  
r e fe r e n c e  p o in ts  on 20 s u b je c ts  as r e c o r d e d  by the a u th o r  
(W . R . E .  L .  ) and an independent in v e s t ig a to r  (M . S .  S .  ).
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T A B L E  4 ,  8
M eas u re m e n t
No.
O r i g i n a l
O b s e r v a t i o n
(mm)
Sec o n d
O b s e r v a t i o n
(mm)
D i f f e r e n c e
(mm)
1 41 .  1 41 .  1 0
2 36. 5 36.  5 0
3 37. 3 37.  4 +0.  1
4 28 .  5 28 .  6 +0.  1
5 28.  8 28.  8 0
6 27 .  5 27.  4 - 0 .  1
7 3 1 . 4 31.  5 +0.  1
8 36.  3 36. 5 +0.  2
9 39.  7 39.  6 - 0 .  1
10 32.  6 32.  6 0
1 1 34. 0 34 .  0 0
12 35.  6 35.  7 +0.  1
1 3 38.  9 39 +0.  1
14 35. 5 35. 5 0
15 36. 8 36. 7 - 0 .  1
1 6 28.  0 28.  0 0
17 40 .  5 40 .  6 +0 .  1
18 36. 2 36. 2 0
1 9 38.  0 38.  1 +0.  1
20 35. 0 35.  1 +0.  1
D i f f e r e n c e s  in length m e a s u re m e n t  v a l u e s  (mm) b e tw e e n  s i m i l a r  
r e f e r e n c e  po in ts  on 20 s u b je c ts  as  r e c o r d e d  by the a u t h o r  on two  
s e p a r a t e  occa s io n s .
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F i g u r e  4 ,  5
T h e  l ines  of  m easurem ent  used to d e te rm in e  the 
r e l i a b i l i t y  of  r e f e r e n c e s .  T h e s e  a r e  numbered to c o r re s p o n d  
with  the m easurem ent  v a lu e s  p re s e n te d  in T a b l e  4 ,  9.
-  35 -
T A B L E  4 ,  9
F  r a m e M e a s u r e m e n t  L i n e s  (mm)
N o . 1 2 3 4 5 6
1 2 8 .  3 33.  0 7. 1 18.  4 9. 7 8.  1
2 28 .  4 32 .  7 6. 7 18.  5 9. 7 8.  2
3 28 .  4 32 .  7 6. 9 18. 5 9. 1 7. 9
4 28 .  4 33.  3 7. 0 18.  8 9. 6 8.  4
5 1 8. 8 32.  5 6. 7 18.  3 9. 5 8. 1
6 28 .  1 32.  3 6.  9 18.  0 9.  4 8.  3
7 28 .  2 33.  0 6. 8 18.  7 9. 4 8.  4
8 28 .  7 32.  5 6. 9 18. 1 9. 6 8. 4
9 28 .  1 32.  8 7. 3 18.  2 9. 5 8.  3
10 2 8 .  7 32 .  8 6. 9 18.  3 9. 5 8.  5
11 28 .  5 32 .  6 6. 9 1 8.  6 9. 5 8. 0
12 2 8 . 4 32 .  7 7. 1 18.  3 9. 3 8. 0
13 2 8 .  3 32 .  7 7. 0 18.  3 9.  3 8.  3
14 19.  0 32.  9 7. 0 18.  7 9.  7 8. 1
15 28 .  0 32.  9 7. 3 18.  4 9. 6 8.  0
16 28 .  4 33 .  0 7. 0 18.  2 9. 5 8.  3
17 28 .  5 32 .  8 6. 7 18.  6 9. 5 8.  2
18 28.  7 32 .  5 6. 8 18.  2 9.  4 8.  4
19 28 .  5 32 .  6 6. 8 18.  5 9.  5 8.  2
20 28 .  0 32 .  0 6. 8 18.  5 9.  4 8. 3
21 2 8 .  5 32 .  7 7. 1 18.  3 9. 4 8.  3
22 29 .  0 32.  5 7. 1 18.  2 9.  3 8.  2
23 2 8 .  7 32 .  8 7.  0 18. 4 9.  4 8.  1
24 2 8 .  5 32.  4 6. 7 18.  0 9. 5 8.  6
2 5 2 8 .  4 32 .  6 6. 8 18.  3 9. 6 8.  1
2 6 2 8 .  2 32.  7 7.  0 18.  4 9. 7 8. 0
27 2 8 .  4 32.  8 7. 0 18.  5 9. 8 7.  9
28 2 8 .  7 33.  1 7. 2 18.  4 9.  4 8. 2
29 28 .  8 32 .  8 6. 9 18.  1 9.  3 8. 6
30 2 8 .  6 33 .  0 6. 8 18.  8 9.  7 8.  3
M e a n 2 8 . 4 7 3 3 2 . 7 2 3 6. 94 18.  3 8 3 9.  4 9 3 8.  2 2 3
S t .  D e v i a t i o n 0.  2 6 4 0.  258 0 .  1 67 0.  2 1 5 0 .  1 57 0.  187
M e a s u r e m e n t  v a l u e s  (mm) o f  the d i s t a n c e s  b e t w e e n  6 s e p a r a t e  p a i r s  
o f  r e f e r e n c e  p o i n t s  on 30 p h o t o g r a p h i c  f r a m e s  o f  a d e n t u l o u s  s u b je c t  
at  the i n t e r c u s p a l  p o s i t i o n ,  t o g e t h e r  w i t h  m eans  and s t a n d a r d  
d e v i a t i o n s .  T h e  l i n e s  o f  m e a s u r e m e n t  a r e  n u m b e r e d  to c o r r e s p o n d  
w i t h  th e  n u m b e r i n g  on F i g .  4 ,  5 ,
-  3 6  -












T h e  r e la t io n s h ip  between the mean read in g s  (mm) 
r e c o r d e d  f ro m  the dentu lous subject at the in te rcus pa l  p o s i t io n ,  
and t h e i r  s ta n d a rd  dev ia t ion .
-  37 -








Norm a l  d is t r ib u t io n  c u rv e s  fo r  mean v a lues  of 1 0 ,
2 0 ,  30 and 40 mm. C o n s tru c te d  f rom  the graph of s ta n d ard  
d e v ia t ion  against the mean (F ig .  4 ,  6 ) .  As  the mean in c re a s e s  
the p o s s ib le  d is p e rs io n  of  r e ad in g s  about the mean a lso in c re a s e s .
-  38 -






























Normal  d is t r ib u t io n  c u rv e s  about ad jacent mean v a lu e s  of  
10 and 11 mm ( A ) ,  25 and 26 mm (B) and 40 and 41 mm ( C ) , 
with  v a lu e s  of s ta n d a rd  d ev ia t ion  d e r iv e d  f rom  F i g .  4 ,  6 As  
the v a lu e  of  the means in c re a s e s  so does the o v e r la p  of  the 
d is p e rs io n  about the mean.
T A B L E  4 ,  10a
S u b j e c t I n c i s o r  D i s t a n c e  
(mm)
P r e m o l a r  D i s t a n c e  
(mm)
1 55.  4 4 0 .  4
2 56.  2 4 4 .  6
3 59.  8 4 7 .  9
4 66 .  6 4 6 .  7
5 55 .  1 41 .  4
6 68 .  8 52 .  5
7 60.  9 4 1 .  6
8 55 .  6 36.  3
9 51.  8 38.  9
10 59.  9 4 3 .  8
1 1 62.  2 4 5 .  4
12 52.  5 36 .  2
1 3 57.  5 4 1 .  2
14 69.  6 4 7 .  4
15 62.  3 4 3 .  0
16 61.  9 4 8 .  3
17 62.  7 44 .  8
18 67.  5 49 .  9
19 61.  0 43 .  2
20 67.  2 44 .  7
M e an 60 .  73 4 3 .  91
S t a n d a r d  D e v i a t i o n 5. 34 4.  2 6
T h e  d i s t a n c e  (mm) f r o m  the h o u s in g  o f  the  im a g e  i n t e n s i f i e r  to the  
i n c i s o r  and p r e m o l a r  t e e th  o f  20  d e n t u l o u s  s u b j e c t s  p o s i t i o n e d  f o r  
a l a t e r i a l  j a w  r a d i o g r a p h ,  t o g e t h e r  w i t h  m e an s  and s t a n d a r d  
d e v i a t i o n s .
-  4 0  -
T A B L E  4 ,  10b
S u b j e c t I n c i s o r  D i s t a n c e  
(mm)
P r e m o l a r  D i s t a n c e  
(mm)
1 5 5 . 4 4 0 .  4
2 59 .  8 4 7 .  9
3 66 .  6 46 .  7
4 69.  6 47 .  4
5 62.  3 4 3 .  0
6 61 . 9 4 8 .  3
7 62 .  7 4 4 .  8
8 67 .  5 4 9 .  9
9 61 .  0 4 3 .  2
10 67 .  2 4 4 .  7
M e an 63 .  4 4 5 .  63
S t a n d a r d  D e v i a t i o n 4 .  30 2 2.  9 1 6
T h e  d i s t a n c e  (mm) f r o m  th e  h o u s in g  o f  the im ag e  i n t e n s i f i e r  to the  
i n c i s o r  and  p r e m o l a r  t e e th  o f  10 d e n t u l o u s  m a le  s u b j e c t s  p o s i t i o n e d  
f o r  a l a t e r a l  j a w  r a d i o g r a p h ,  t o g e t h e r  w i t h  m ea ns  and s t a n d a r d  
d e v i a t i o n s .
-  41 -
T A B L E  4 ,  10c
S u b j e c t I n c i s o r  D i s t a n c e  
(mm)
P r e m o l a r  D i s t a n c e  
(mm)
1 56 .  2 44 .  6
2 55 .  1 4 1 .  4
3 68.  8 4 2 .  5
4 60 .  9 4 1 .  6
5 55 .  6 36 .  3
6 51 .  8 38.  9
7 59 .  9 4 3 .  8
8 62.  2 4 5 .  4
9 52 .  5 36 .  2
10 57 .  5 4 1 .  2
M e an 58 .  0 5 4 2 .  19
S t a n d a r d  D e v i a t i o n 5. 08 4.  81
T h e  d i s t a n c e  (mm) f r o m  the h o u s in g  o f  th e  im a g e  i n t e n s i f i e r  to 
the i n c i s o r  and p r e m o l a r  t e e th  o f  10 d e n t u l o u s  f e m a l e  s u b j e c t s  
p o s i t i o n e d  f o r  a l a t e r a l  j a w  r a d i o g r a p h ,  t o g e t h e r  w i t h  m ean s  
and s t a n d a r d  d e v i a t i o n s .
-  4 2  -
T A B L E  4 , 1 1














M e a n 4 9 .  25
S t a n d a r d  D e v i a t i o n 20 .  35
T h e  v o l u m e  o f  w a t e r  s w a l l o w e d  o v e r  s i x  s w a l l o w i n g  
s e q u e n c e s  f o r  12 d e n t u l o u s  s u b j e c t s ,  t o g e t h e r  w i t h  
the m ean  v o l u m e  and s t a n d a r d  d e v i a t i o n .
-  4 3  -
S E C T I O N  5





SW ALLO W ING  OF WATER
Grap h ic a l  re c o r d in g  of a typical  sw a l lo w in g  sequence.  
T h e  lack of  u n i fo rm i ty  on the s ca le  of occlusal  s ep a ra t io n  is 
due to the fact  that the r e la t io n s h ip  between coil s ep a ra t io n  and 
signal  in tens i ty  is n o n - l i n e a r .  As  the graph re a c h e s  z e r o  va lue  
it ind ica tes  tooth contact in the in te rcus pa l  pos i t ion .  B e lo w  the  
z e r o  va lue  it ind ica tes  p ro b a b le  tooth contact  outw ith  the  
in te rcuspa l  posi t ion as signal  in tens i ty  is in c re a s e d .
-  4 4  -
T A B L E  5 ,  1
S u b j e c t T i m e
( s e c s )
S u b j e c t T i m e
(s e c s )
1 0. 43 6 0. 55
2 0 .  27 7 1. 0 3
3 1. 52 8 1 . 1 3
4 0. 28 9 1 . 0 5
5 1. 4 2 10 0. 33
M e a n  le n g th  o f  t im e  ( s e c s )  th a t  th e  p r e - s w a l l o w  
tooth c o n t a c t  o r  l e v e l  o f  j a w  s e p a r a t i o n  w a s  
m a in t a i n e d  by each  s u b je c t .
-  4 5  -
T A B L E  5 ,  2
S u b j e c t
S w a l l o w i n g  S e q u e n c e s
T  otal
W i t h
C o n t a c t
W i t h o u t
C o n t a c t
1 2 4 6
2 6 0 6
3 6 0 6
4 4 2 6
5 6 0 6
6 4 2 6
7 6 0 6
8 5 1 6
9 0 6 6
10 6 0 6
T o t a l 4 5 15 60
T h e  i n c i d e n c e  o f  o c c lu s a l  tooth  c o n t a c t  in d e n t u lo u s  s u b j e c t s  
d u r i n g  s w a l l o w i n g .  S i x  s w a l l o w i n g  s e q u e n c e s  w e r e  r e c o r d e d  f o r  
ea ch  s u b je c t .
-  4 6  -
T A B L E  5 ,  3
S u b j e c t
S w a l l o w i n g  S e q u e n c e s
T  otalW i t h
C o n t a c t
W i t h o u t
C o n t a c t
1 3 3 6
2 6 0 6
3 4 2 6
4 6 0 6
5 2 4 6
6 0 6 6
7 4 2 6
8 0 6 6
9 0 6 6
10 4 2 6
T o t a l 29 31 60
T h e  i n c i d e n c e  of  o c c lu s a l  to o th  c o n t a c t  in d e n t u l o u s  s u b j e c t s  at  
the t e r m i n a t i o n  o f  s w a l l o w i n g .  S i x  s w a l l o w i n g  s e q u e n c e s  w e r e  
r e c o r d e d  f o r  ea ch  s u b je c t .
-  4 7  -
F i g u r e  5 ,  2a
A
B
S w a l lo w in g  sequences r e c o r d e d  f rom 2 dentulous  
sub jec ts  de m onst ra t ing  s w a l lo w in g  with  the teeth in contact  
(A) and s w a l lo w in g  with  the teeth a p a r t  (B).  Each  subject  
commences f rom  the in te rcuspa l  posi t ion.
-  48  -
F i g u r e  5 ,  2b
C
S w a l lo w in g  sequences r e c o r d e d  from an edentulous subject  
(A) and an edentulous subject w e a r in g  d e n tu re s  at the c o r r e c t  
v e r t ic a l  dimension (B) and at a reduced  v e r t ic a l  d imension (C) .  
T h e  edentu lous  subject commences f rom a r e la x e d  pos i t ion  and 
the subject w ith  d e n ture s  f rom the in te rcuspa l  pos i t ion .
-  49  -
T A B L E  5 ,  4
C o n t a c t N o  C o n t a c t T  otal
M a l e s 62 4 6 108
F e m a l  es 41 30 71
T o t a l 103 7 6 179
T h e  in c i d e n c e  o f  o c c lu s a l  tooth c o n t a c t  in 
d e n tu lo u s  s u b j e c t s  d u r i n g  s w a l l o w i n g  as  d e t e r m i n e d  
f r o m  the v i s u a l  a n a l y s i s  o f  179  s e q u e n c e s .
-  50  -
T A B L E  5 ,  5a
S u b j e c t
N o .
I n t e r c u  spal  
P o s i  t ion 1
S w a l l o w i n g  S e q u e n c e s  
2 3 4 5 6
1 7.  3 - 7. 9 10.  0 10.  2 10.  5 10. 4 10.  2 9. 7
2 8. 9 - 9. 5 10.  2 9. 8 9. 2 9. 1 8. 9 9. 2
3 12.  7 - 1 3. 4 14. 4 14.  3 1 3. 0 14.  1 13.  5 1 2. 9
4 10. 3 - 10.  9 1 1 . 9 1 1 . 5 1 1 . 6 1 1 . 5 1 1 .1 1 1 . 5
5 1 1 .1 - 1 1 . 7 12. 5 12.  5 12. 7 1 3. 1 1 3. 6 1 3. 4
6 6. 6 - 7.  2 8. 2 6. 8 6. 9 6. 7 6. 9 6. 9
7 8. 8 - 9. 4 9. 2 8.  9 9. 2 10. 9 10. 5 9. 3
8 8.  1 - 9.  7 9. 5 9. 5 9. 4 9. 4 9. 6 12.  0
9 12. 1 - 1 2.  8 1 3. 2 12.  4 14. 0 14.  7 13.  1 12.  6
10 8. 7 - 9.  3 9.  1 9.  0 8. 7 9.  1 8.  9 8.  8
1 1 9. 8 - 10.  5 10.  5 10.  0 10.  3 10.  1 10.  5 9. 8
12 10.  1 - 10.  7 12.  6 1 1 . 6 10.  5 10.  5 10.  7 10.  7
1 3 8. 6 - 9. 2 9. 0 9. 6 9. 2 8.  6 8.  7 8.  8
14 8.  2 - 8.  8 8.  4 10.  o. 9. 8 9. 0 10. 0 10.  1
15 7. 9 - 8.  5 9. 9 9. 5 10. 3 10.  6 9. 5 1 0.  6
1 6 9. 7 - 10.  3 10. 4 9. 8 10. 0 9. 9 9. 9 9. 9
17 9. 6 - 10.  2 12.  0 1 1 . 8 12. 6 12. 7 12. 4 12. 9
18 9. 6 - 10. 2 1 1 . 9 1 1 . 9 12. 1 1 1 . 6 12.  1 1 2.  3
19 9. 7 - 10. 3 10.  0 10.  1 9. 7 10.  6 9. 9 9. 7
20 7. 6 - 8.  2 10.  3 10. 1 1 1 . 0 1 2.  4 1 1 . 7 10. 4
21 8.  7 - 9.  3 9. 0 8. 8 8.  9 8.  9 9. 2 9. 0
22 12. 4 - 1 3. 0 12.  6 1 2. 4 12.  6 1 3. 0 1 2. 5 -
23 9. 6 - 10.  2 9. 8 9. 7 9. 7 9. 7 9.  7 10. 0
24 7.  8 - 8. 4 8.  1 8. 0 8. 2 7. 8 8.  1 8. 3
2 5 9. 3 - 9.  9 12.  1 9. 8 1 1 . 9 12.  1 9. 8 1 1 . 4
2 6 7. 9 - 8.  5 9. 8 10.  2 10. 3 10. 9 10.  2 9. 8
27 9. 4 - 10. 0 9. 6 1 1 . 9 10.  6 1 1 . 5 10.  9 1 0. 7
28 10.  2 - 1 0 . 8 12.  0 12.  7 11 .1 12. 5 10.  8 15. 3
T h e  d i s t a n c e  (mm) f r o m  the u p p e r  l e a d  p e l l e t  in the i n c i s o r  
r e g i o n  p e r p e n d i c u l a r  to the l i n e  C D ,  f o r  d e n t u l o u s  s u b j e c t s  both at  
the  i n t e r c u s p a l  p o s i t i o n  and d u r i n g  s w a l l o w i n g  s e q u e n c e s .  T h e  d i s t a n c e  
a t  the  i n t e r c u s p a l  p o s i t i o n  has  b een  e x p r e s s e d  as  a r a n g e  as  e x p l a i n e d  
in th e  t e x t  ( C h a p t e r  15) .
-  51 -
T A B L E  5 ,  5b
S u b j e c t
N o .
I n t e r c u s p a l
P o s i t i o n 1
S w a l l o w i n g  S e q u e n c e s  
2 3 4  5
j
6
1 8. 6 - 9. 2 1 1 . 2 1 1 . 0 11 .1 10. 9 1 1 . 0 9. 8
2 8.  5 - 9. 1 10. 5 9. 3 8.  8 8.  7 8.  7 8.  9
3 8.  2 - 8. 8 9.  2 8. 9 8.  2 8.  9 9. 1 8. 2
4 7.  2 - 7. 8 8.  0 8. 0 7.  9 8.  0 7. 9 8. 1
5 8. 9 - 9.  5 1 0.  7 10.  1 10.  5 10. 9 10.  6 10.  1
6 8.  7 - 9. 3 9. 7 9.  1 9. 0 8.  7 8. 9 8. 9
7 10.  2 - 10. 9 10.  6 10.  7 10.  9 12.  2 12.  0 10.  5
8 9. 1 - 9. 7 9. 5 9. 5 9 .4 9 .7 9. 7 1 1 . 8
9 8.  9 - 9.  5 10.  6 9. 5 1 1 . 0 1 1 . 8 10. 8 9. 5
10 8. 0 - 8.  6 8.  5 8.  3 8.  4 8.  2 8.  2 8.  4
1 1 9. 7 - 10.  3 10.  3 9. 9 10. 0 9. 7 10.  3 9. 9
12 7.  5 - 8.  1 9. 0 8.  5 7.  8 8.  0 8.  1 7. 9
1 3 1 1 . 0 - 1 1 . 6 1 1 . 4 1 1 . 7 1 1 . 3 1 1 . 6 1 1 . 4 1 1 . 2
14 8.  1 - 8.  7 8.  4 9. 6 9. 7 9. 0 9. 2 9. 6
15 7. 9 - 8.  5 9. 6 9. 1 9. 9 10.  1 9. 6 10. 2
1 6 8.  7 - 9.  3 9.  6 9. 1 9.  3 9. 3 9. 3 9. 3
17 8. 0 - 8.  6 9.  6 9. 5 9. 1 9. 9 9. 6 9. 5
18 9. 8 - 10.  4 10.  9 10. 5 10.  8 1 1 . 2 1 1 . 0 1 1 . 3
19 9. 2 - 9. 8 9. 5 9. 7 9. 4 10.  2 9. 1 9. 5
20 8.  7 - 9. 3 10.  2 10. 1 10.  8 1 1 . 5 1 1 . 4 1 1 . 0
21 7. 5 - 8.  1 8. 0 7. 8 8. 0 7. 7 7.  8 7.  8
22 9. 7 - 10.  3 10.  1 10.  0 10.  1 1 0.  2 9.  7 -
2 3 8.  5 - 9.  1 8.  8 8.  7 8.  8 8.  5 8.  5 8. 9
24 6. 3 - 6. 9 6. 4 6 . 4 6. 5 6. 5 6. 4 6. 4
2 5 7.  2 - 7.  8 8.  7 7. 6 8.  6 8.  7 7.  7 8.  2
2 6 6. 7 - 7.  3 7. 5 8.  7 7.  8 7.  9 7. 5 7.  4
27 8. 4 - 9.  0 8. 7 10.  5 9. 2 10.  5 10.  0 9. 6
28 9.  8 - 10.  4 1 1 . 5 1 1 . 8 1 1 . 0 1 1 . 8 10.  3 1 3. 7
T h e  d i s t a n c e  (mm) f r o m  the  u p p e r  l e a d  p e l l e t  in the p r e m o l a r  
r e g i o n  p e r p e n d i c u l a r  to the l i n e  C D  f o r  d e n t u l o u s  s u b j e c t s  both at  
the  i n t e r c u s p a l  p o s i t i o n  and d u r i n g  s w a l l o w i n g  s e q u e n c e s .  T h e  
d i s t a n c e  at th e  i n t e r c u s p a l  p o s i t i o n  has  be en  e x p r e s s e d  as  a r a n g e  
as  d e s c r i b e d  in th e  t e x t  ( C h a p t e r  15) .
-  52  -
T A B L E  5 ,  6
C o n t a c t N o  C o n t a c t T  otal
Mai  es 4 4 52 96
F e m a l  es 38 33 71
T o t a l 82 8 5 1 67
T h e  i n c i d e n c e  o f  o c c lu s a l  tooth c o n ta c t  in 
d e n t u lo u s  s u b j e c t s  d u r i n g  s w a l l o w i n g  as  d e t e r m i n e d  
f r o m  the m e a s u r e m e n t  a n a l y s i s  o f  167  s e q u e n c e s .
-  5 3 -
T A B L E  5 ,  7
S u b j e c t
N o . 1
S w a l l o w i n g  S e q u e n c e s  
2 3 4  5 6
2 o + + + + +
3 o o + o o +
6 o + + + + +
7 + + + o o +
8 + + R , 1 R , 1 R , 1 o
9 o + o o o P ,  0 .  8
10 + + + + + +
1 1 + R , 0 .  7 + + R 1 1 +
12 o o + + + +
1 3 + o + R , 0.  8 + +
14 + o o o o o
16 o + + + + +
19 + + + o + +
21 + R ,  1. 1 R ,  1. 2 R , 1. 2 R ,  1 . 1 R ,  1. 1
22 + + + + + o
23 + + + + + +
24 + R ,  1 R ,  1 R ,  1 R , 1 . 2 R ,  1
25 o + o o + o
27 + o o o o o
28 o o o o + o
T h e  p o s i t i o n  of  o c c l u s a l  tooth c o n t a c t  in d e n t u l o u s  
s u b j e c t s  d u r i n g  s w a l l o w i n g ,  w i t h  r e f e r e n c e  to the i n t e r c u s p a l  
p o s i t io n .
o no c o n ta c t  
+ in t e r c u s p a l  p o s i t io n  
R  r e t r u s i v e  to i n t e r c u s p a l  p o s i t i o n  (mm)
P  p r o t r u s i v e  to i n t e r c u s p a l  p o s i t i o n  (mm)
-  54  -
T A B L E  5 ,  8
S u b j e c t 1 2 3 4 5 6 7
P r e m o l  a r s 2. 1 0 0 1 . 0 0 0 0
Inci  s o r s 3. 1 0 0 1 . 7 0 0 0
S u b j e c t 8 9 10 1 1 12 1 3 14
P r e m o l  a r s 1 . 8 4 .  1 0 0 1 . 2 3. 8 2.  4
Inci  s o r s 1. 8 4 .  1 0 0 1 . 8 4 . 4 3. 4
S u b j e c t 15 16 17 18 19 20 21
P r e m o l  a r s 0 0 1 . 7 0 0 0 0
Inc i  s o r s 0 0 4.  1 0 0 0 0
S u b j e c t 22 2 3 24 2 5 2 6 27 28
P r e m o l a r s - 0 0 1. 7 1. 9 0 7. 7
I n c i s o r s - 0 0 3. 2 4.  1 0 8.  7
T h e  amount of  i n t e r o c c l u s a l  c l e a r a n c e  (mm) in 
d e n t u l o u s  s u b j e c t s  in both  p r e m o l a r  and  i n c i s o r  r e g i o n s  
a f t e r  c o m p l e t io n  of  the s w a l l o w i n g  s e q u e n c e s .  N o  r e c o r d i n g  
w a s  a v a i l a b l e  f o r  s u b je c t  n u m b e r  22.
-  55  -
T A B L E  5 , 9
I n v e s t i g a t o r C o n t a c t N o  C o n t a c t T  otal
L A I R D  (1 9 7 3 )  
r a d i o g r a p h i  c 20 8 28
C L E A L L  ( 1 9 6 5 )  
r a d i o g r a p h i  c 1 6 1 1 28
M 0 L L E R  (1 9 6 6 )  
el e c t r o m y o g r a p h i c 23 1 3 36
R I X  (1 9 4 6 )  
v is u a l 65 28 93
T h e  i n c i d e n c e  o f  o c c lu s a l  tooth c o n t a c t  in 
d e n t u lo u s  s u b j e c t s  d u r i n g  s w a l l o w i n g  as  r e p o r t e d  
by s e p a r a t e  i n v e s t i g a t o r s  u s i n g  d i f f e r e n t  m eth o d s  
of  i n v e s t i g a t i o n .
-  5 6  -
T A B L E  5 ,  10a
S e q u e n c e
N o . 1 2 3 4
S u b j e c t s  
5 6 7 8 9 10
1 30.  9 30.  5 4 2 .  6 38 .  6 38.  8 32.  5 39.  9 4 9 .  5 31 . 4 39 .  0
2 31.  5 29 .  9 41 . 5 38 .  5 38 .  6 32 .  5 39 .  2 4 9 .  5 31.  1 38.  5
3 31 . 9 30.  0 42 .  8 37.  8 38 .  9 33.  6 39.  9 4 9 .  2 30.  2 39.  9
4 31 . 1 30.  8 41 . 2 37.  9 38.  5 32.  5 38.  2 49 .  2 31 . 2 36.  8
5 31.  5 29 .  8 4 2 .  8 39.  3 39 .  9 34.  8 39.  9 4 9 .  8 30.  2 39.  8
6 30 .  5 30.  8 41 . 6 4 0 .  7 4 0 .  6 33.  0 37.  8 50 .  0 30.  2 39.  1
M ean 31 .  2 30 .  3 4 2 .  1 38.  7 39.  2 33.  1 39.  2 4 9 .  4 30.  7 38 .  8
S e q u e n c e
N o . 1 1 12 1 3 14 15 1 6 17 18 19 20
1 39.  6 41 . 0 33 .  3 39 .  6 4 4 .  9 4 7 .  2 39.  9 34.  2 4 0 .  7 4 2 .  8
2 4 2 .  7 4 4 .  4 32 .  6 39 .  3 4 4 .  8 4 6 .  8 38 .  8 33.  9 4 0 .  5 4 3 .  9
3 4 2 .  7 4 3 .  9 33.  9 39.  4 4 6 .  5 4 6 .  4 37.  9 32.  7 41 . 3 39 .  6
4 41 . 2 4 2 .  7 33.  3 4 0 .  1 4 4 .  8 4 6 .  7 36.  3 33.  7 4 0 .  6 4 2 .  1
5 4 2 .  4 4 3 .  7 37.  2 39 .  1 41 . 5 4 5 .  9 38 .  8 34.  1 4 2 .  5 41 . 5
6 39 .  7 4 4 .  0 33.  5 39 .  4 4 2 .  9 4 5 .  9 37.  5 34 .  4 41 . 1 4 3 .  7
M e an
y
4 1 .  4 4 3 .  3 33 .  9 39 .  5 4 4 .  2 4 6 .  5 38 .  2 33 .  8 41 . 1 4 2 .  3
In d i v id u a l  and mean v a l u e s  (mm) f o r  v e r t i c a l  j a w  s e p a r a t i o n  
in the  i n c i s o r  r e g i o n  d u r i n g  s i x  s w a l l o w i n g  s e q u e n c e s  in 20  e d e n t u lo u s  
s u b j e c t s .
-  5 7  -
T A B L E  5 ,  10b
S e q u e n c e
No . 1 2 3 4
S u b j e c t s  
5 6 7 8 9 10
1 30.  7 27 .  2 38.  7 34.  4 35 .  6 28 .  7 34.  7 4 0 .  7 29 .  0 37.  4
2 31.  2 26 .  7 38.  6 34.  1 35.  0 28.  7 34.  6 39.  4 29 .  5 36.  9
3 31 . 6 26 .  6 38.  4 33.  8 35.  9 28 .  7 34.  8 39.  6 28 .  3 37.  7
4 31 . 1 26 .  9 37.  6 33.  5 35.  6 28 .  2 34. 0 39.  5 29 .  5 35.  4
5 31 . 4 26 .  3 38.  6 34.  3 36.  3 29 .  7 34.  9 4 0 .  4 2 8 .  8 37.  8
6 29 .  8 26 .  8 38.  0 35.  1 36.  4 28.  5 33.  5 41 . 2 28 .  8 37 .  1
M e a n s 31 . 0 26 .  7 38 .  4 34.  1 36.  0 28 .  7 34 .  5 4 0 .  1 2 9 .  0 37.  0
S e q u e n c e
N o . 11 12 1 3 14
S u b j e c t s  
15 16 17 1 8 1 9 20
1 37.  9 35.  5 28 .  7 36.  8 35.  5 4 0 .  5 38 .  3 33.  5 35.  2 39 .  6
2 4 0 .  7 36.  9 28 .  3 36.  8 35.  6 40 .  9 36.  8 33.  4 34.  6 4 0 .  8
3 4 0 .  4 36.  6 2 9 .  0 37 .  1 36 .  9 4 0 .  4 36.  8 32.  6 35.  2 36.  5
4 39.  1 36.  0 2 8 .  5 37.  7 36.  0 4 0 .  3 34.  9 33.  0 35.  2 38.  9
5 4 0 .  3 36.  7 30.  5 36.  9 35.  0 40 .  3 36.  2 32.  9 35.  4 36.  3
6 38.  2 36.  2 29 .  0 37.  3 35.  9 39.  9 36.  0 33.  5 35.  0 38 .  2
M e a n s 39 .  4 36.  3 29 .  0 37.  1 36.  5 40 .  4 36.  5
I
3 a  2 35.  1 38.  4
In d iv i d u a l  and mean  v a l u e s  (mm) f o r  v e r t i c a l  j a w  s e p a r a t i o n  
in the  p r e m o l a r / m o l a r  r e g i o n  d u r i n g  s w a l l o w i n g  s e q u e n c e s  in 20  
e d e n t u l o u s  s u b j e c t s .
-  58 -
T A B L E  5 , 1 1 a
S u b j e c t
N o .
M ean
S w a l  lo w in g
L e v e l
(mm)
R a n g e  of
V a r i a b i l  i ty
o f  M e a n  
(mm)
S w a l l o w i n g  S e q u e n c e s
W i t h i n  R a n g e W i t h o u t  R a n g e
1 31.  2 30.  6 - 3 1 . 8 6 0
2 30.  3 2 9 . 8 - 3 0 . 9 6 0
3 4 2 .  1 4 1 . 4 - 4 2 . 8 6 0
4 38 .  7 3 8 . 0 - 3 9 . 4 5 1
5 39.  2 3 8 . 5 - 3 9 . 9 5 1
6 33.  1 32.  5 - 3 3 .  7 5 1
7 39.  2 3 8 . 5 - 3 9 . 9 5 1
8 4 9 .  4 4 8 .  6 - 5 0 . 1 6 0
9 30.  7 30 .  1 - 3 1 .  3 6 0
10 38.  8 38.  2 - 3 9 . 4 4 2
1 1 4 1 . 4 4 0 . 7 - 4 2 . 1 2 4
12 4 3 .  3 4 2 .  6 - 4 4 . 0 5 1
13 33.  9 33.  3 - 3 4 .  5 4 2
14 39 .  5 38.  8 - 4 0 . 2 6 0
15 44 .  2 4 3 .  5 - 4 4 .  9 3 3
16 4 6 . 5 4 5 .  8 - 4 7 .  2 6 0
17 38 .  2 37 .  6 - 3 8 . 8 4 2
18 33 .  8 33 .  2 - 3 4 .  4 5 1
19 4 1 .  1 4 0 .  4 - 4 1 .  8 6 0
20 4 2 .  3 4 1 .  6 - 4 3 .  0 3 3
T o t a l - - 98 22
T h e  n u m b e r  o f  s w a l l o w i n g  s e q u e n c e s  in e d e n t u l o u s  s u b j e c t s  in w h i c h  
th e  v e r t i c a l  j a w  s e p a r a t i o n  f e l l  w i t h i n  o r  w i t h o u t  the  r a n g e  o f  
v a r i a b i l i t y  o f  the m ean  v e r t i c a l  j a w  s e p a r a t i o n  d u r i n g  s w a l l o w i n g .  
( M e a s u r e m e n t s  t a k e n  in the  i n c i s o r  r e g i o n ) .
-  5 9  -
T A B L E  5 , 1 1 b
S u b j e c t
N o .
M e a n
L e v e l
(mm)
R a n g e  of
V a r  iab i  I i ty
o f  M e a n  
(mm)
S w a l l o w i n g  S e q u e n c e s
W i t h i n  R a n g e W i t h o u t  R a n g e
1 31 .  0 30.  4 - 3 1 .  6 5 1
2 26 .  7 2 6 .  2 - 2 7 .  2 6 0
3 38.  4 37 .  8 - 3 9 .  0 6 0
4 34.  1 3 3 . 5 - 3 4 . 7 5 1
5 36 .  0 35.  4 - 3 6 .  6 5 1
6 28 .  7 2 8 .  2 - 2 9 .  2 5 1
7 34.  5 33 .  9 - 3 5 .  1 5 1
8 4 0 .  1 3 9 . 4 - 4 0 . 8 5 1
9 2 9 .  0 2 8 . 5 - 2 9 . 5 6 0
10 37 .  0 3 6 . 4 - 3 7 .  6 5 1
1 1 39 .  4 38.  8 - 4 0 .  1 2 4
12 36.  3 35.  7 - 3 6 .  9 6 0
13 29 .  0 28 .  5 - 2 9 .  5 5 1
14 37 .  1 36.  4 - 3 7 .  7 6 0
15 36 .  5 3 5 . 9 - 3 7 . 1 3 3
16 4 0 .  4 3 9 . 7 - 4 1 . 1 6 0
17 36.  5 35 .  9 - 3 7 .  1 4 2
18 33 .  2 32 .  6 - 3 3 .  8 6 0
19 35.  1 34.  5 - 3 5 .  7 6 0
20 38 .  4 37 .  8 - 3 9 .  0 2 4
T o t a l - - 99 21
T h e  n u m b e r  o f  s w a l l o w i n g  s e q u e n c e s  in e d e n t u l o u s  s u b j e c t s  in 
w h i c h  the  v e r t i c a l  j a w  s e p a r a t i o n  f e l l  w i t h i n  o r  w i t h o u t  the  
r a n g e  o f  v a r i a b i l i t y  o f  the m ean  v e r t i c a l  j a w  s e p a r a t i o n  d u r i n g  
s w a l l o w i n g  ( M e a s u r e m e n t s  ta k e n  in the  p r e m o l a r  r e g i o n ) .
-  60 -








C om pa r ison  between the mean v e r t ic a l  jaw  s e p a ra t io n  
(mm) at the s w a l lo w in g  level  w i th  that at the re la x e d  
pos i t ion (mm) in the in c is o r  reg io n .  T h e  double l ines  
ind ica te  the ran g e  of v a r i a b i l i t y  about the m easurement  
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C om p ar iso n  between the mean v e r t ic a l  ja w  s ep a ra t io n  
(mm) at the s w a l lo w in g  level  w i th  that at the re la x e d  
posi t ion (mm) in the p r e m o la r  reg io n .  T h e  double  
l ines  ind ica te  the ra n g e  of v a r i a b i l i t y  about the 
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0 30 40 50
Relaxed Position
C om par ison  between the v e r t ic a l  jaw  s e p a ra t io n  (mm) 
at the complet ion of s w a l lo w in g  sequences with  that at 
the re la x e d  pos i t ion  (mm) in the in c is o r  re g io n .  T h e  
double l ines  ind ica te  the ran g e  of v a r i a b i l i t y  about  
the measurement  at the re la x e d  posi t ion.
-  63 -
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0 20 30 40
Relaxed Position
C om par ison  between the v e r t ic a l  ja w  s e p a ra t io n  at 
the complet ion of s w a l lo w in g  sequences with  that at 
the r e la x e d  pos i t ion  (mm) in the p r e m o la r  reg ion .  
T he  double  l ines  ind ica te  the range  of v a r i a b i l i t y  
about the measurement at the r e la x e d  pos i t ion .
-  64 -
T A B L E  5 ,  12a
S u b j e c t
N o .
I n t e r c u s p a l
P o s i t i o n
S w a l l o w i n g  S e q u e n c e s  
1 2 3
1 10. 0 -  10.  6 1 1 . 5 1 2 . 0 10. 1
2 1 1 .1  -  1 1 . 9 1 1 . 5 1 1 . 6 1 1 . 6
3 10. 7 -  1 1 . 4 1 1 . 0 10. 8 10. 8
4 1 1 . 7  -  1 2 .  4 1 2.  0 1 1 . 8 1 1 . 7
5 12.  0 -  12.  8 14.  5 14. 0 14.  0
6 1 0 . 5  -  11.  1 10.  8 1 1 . 9 14. 7
7 10. 6 -  1 1 . 2 1 3. 5 1 3. 0 1 3. 2
8 10. 7 -  1 1 . 3 1 1 . 2 10.  9 10.  7
9 1 1 . 5  -  12.  1 1 2. 0 12. 3 1 1 . 5
10 8 . 3 -  8 . 9 8.  4 8.  6 8. 4
D i s t a n c e s  (mm) f r o m  the  u p p e r  le a d  p e l l e t  in 
the i n c i s o r  r e g i o n  p e r p e n d i c u l a r  to the l i n e  C D ,  at  
both the i n t e r c u s p a l  p o s i t i o n  and d u r i n g  s w a l l o w i n g  
s e q u e n c e s  f o r  10 e d e n t u lo u s  s u b j e c t s  w i t h  d e n t u r e s  at  
the o r i g i n a l  v e r t i c a l  d im e n s i o n .  T h e  i n t e r c u s p a l  
p o s i t i o n  is  e x p r e s s e d  as  a r a n g e  ( C h a p t e r  15) .
-  65  -
T A B L E  5 ,  12b
S u b j e c t
N o .
I n t e r c u s p a l
P o s i t i o n
S w a l l o w i n g  S e q u e n c e s  
1 2 3
1 ~v] i 00 o 8.  2 8.  9 7 . 4
2 9. 0 -  9.  7 9. 4 9. 4 10. 3
3 8. 7 -  9. 3 9. 3 9.  2 9. 0
4 10. 1 -  10.  7 10. 6 10.  5 10. 2
5 8. 2 -  8 .  8 9. 6 9. 3 9. 5
6 8.  9 -  9. 5 9. 3 10. 4 1 1 . 9
7 9. 9 -  10.  5 1 1 . 9 1 1 . 9 12. 2
8 6. 7 -  7. 3 7. 2 6. 8 6. 9
9 8.  9 -  9. 5 9. 5 9.  4 9. 4
10 7. 4  -  8.  0 7. 7 7. 5 7.  5
D i s t a n c e s  (mm) f r o m  the u p p e r  l e a d  p e l l e t  in 
the p r e m o l a r  r e g i o n  p e r p e n d i c u l a r  to the l i n e  C D ,  
at both the i n t e r c u s p a l  p o s i t i o n  and d u r i n g  s w a l l o w i n g  
s e q u e n c e s  f o r  10 e d e n t u lo u s  s u b j e c t s  w i t h  d e n t u r e s  
at  the o r i g i n a l  v e r t i c a l  d im e n s io n .  T h e  i n t e r c u s p a l  
m e a s u r e m e n t  is e x p r e s s e d  as  a r a n g e  ( C h a p t e r  15) .
-  6 6  -
T A B L E  5 ,  13a
S u b j e c t
N o .
I n t e r c u s p a l
P o s i t i o n
S w a l l o w i n g  S e q u e n c e s  
1 2 3
1 8 . 1 -  8.  7 1 3. 4 1 3. 0 12. 0
2 9. 8 -  10. 4 1 0.  2 1 1 . 5 10. 5
3 8.  6 -  9. 2 10. 7 11 .1 10.  6
4 10. 2 -  10.  9 1 1 . 0 10.  9 10.  7
5 10.  9 -  1 1 . 6 14. 2 14. 3 1 6. 4
6 8.  6 -  9.  2 1 3. 9 14.  6 14. 0
7 1 1 . 3  -  1 2.  0 14.  2 14.  7 14. 3
8 7. 7 -  8 . 3 10. 6 10. 9 1 1. 0
9 9. 4 -  1 0.  0 1 1 . 8 1 1 . 9 1 1 . 6
10 6. 0 -  6. 6 7.  3 6. 2 6. 4
D i s t a n c e s  (mm) f r o m  the u p p e r  le a d  p e l l e t  in the  
i n c i s o r  r e g i o n  p e r p e n d i c u l a r  to the l i n e  C D ,  at  both  
the i n t e r c u s p a l  p o s i t i o n  and d u r i n g  s w a l l o w i n g  s e q u e n c e s  
in 10 e d e n t u lo u s  s u b j e c t s  w i t h  d e n t u r e s  at  a v e r t i c a l  
d im e n s io n  r e d u c e d  by 3 mm. T h e  i n t e r c u s p a l  
m e a s u r e m e n t  is  e x p r e s s e d  as  a r a n g e  ( C h a p t e r  15) .
-  67  -
T A B L E  5 ,  13b
S u b j e c t
No .
I n t e r c u s p a l
P o s i t i o n
S w a l l o w i n g  S e q u e n c e s  
1 2 3
1 7. 3 -  7.  9 1 1 . 3 10. 4 10. 0
2 8.  7 -  9. 3 8. 9 10.  5 8.  9
3 6. 1 -  6. 7 7. 8 8. 0 8.  0
4 8. 6 -  9 . 2 9. 2 9. 2 9. 2
5 7.  7 -  8 . 3 9. 4 9. 0 10. 5
6 6. 6 -  7. 2 1 1 . 4 1 1 . 7 1 1 . 0
7 9. 6 -10 .  2 1 1 . 6 12.  3 12. 0
8 4.  9 -  5.  4 7.  0 7. 3 7.  3
9 7.  8 -  8 . 4 9. 6 9. 9 9. 6
10 5. 7 -  6. 3 6. 7 6. 1 6. 2
D i s t a n c e s  (mm) f r o m  the  u p p e r  le a d  p e l l e t  in the  
p r e m o l a r  r e g i o n  p e r p e n d i c u l a r  to the  l i n e  C D ,  both  at  
the in t e r c u s p a l  p o s i t i o n  and d u r i n g  s w a l l o w i n g  s e q u e n c e s  
in 10 e d e n t u lo u s  s u b j e c t s  w i t h  d e n t u r e s  at  a v e r t i c a l  
d im e n s io n  r e d u c e d  by 3 mm. T h e  i n t e r c u s p a l  
m e a s u r e m e n t  is  e x p r e s s e d  as  a r a n g e  ( C h a p t e r  15) .
-  68 -
T A B L E  5 ,  14
S u b j e c t
N o .
O r i g i n a l  V e r t i c a l  
D i m e n s i o n
R e d u c e d  V e r t i c a l  
D im e n s io n
1 o o + o o o
2 + + o + o +
3 + + + o o o
4 + + + + + +
5 o o o o o o
6 + o o o o o
7 o o o o o o
8 + + + o o o
9 + + + o o o
10 + + + o + +
T h e  i n c i d e n c e  o f  o c c lu s a l  tooth c o n t a c t  d u r i n g  
s w a l l o w i n g  s e q u e n c e s  f o r  s u b j e c t s  w i th  c o m p le t e  
d e n t u r e s  at  the  o r i g i n a l  v e r t i c a l  d im e n s io n  and at  a 
r e d u c e d  v e r t i c a l  d im e n s io n .
+ c o n ta c t  
o no c o n ta c t
-  69  -
T A B L E  5 , 1 5
S u b j e c t
N o .
O r i g i n a l  
V e r t i c a l  D i m e n s i o n
R e d u c e d  
V e r t i c a l  D im e n s i o n
1 o o + o o o
2 + + o + o +
3 + + + o o o
4 + + + + + +
5 o o o o o o
6 + o o o o o
7 o o o o o o
8
COo’of + + o o o
9 R ,  1. 4 R ,  1. 4 + o o o
10 + + + o + +
T h e  p o s i t i o n  o f  o c c l u s a l  tooth c o n t a c t  d u r i n g  s w a l l o w i n g  s e q u e n c e s  
f o r  s u b j e c t s  w i t h  c o m p l e t e  d e n t u r e s  at the o r i g i n a l  v e r t i c a l  
d im e n s io n  and at a r e d u c e d  v e r t i c a l  d im e n s io n ,  
o no c o n t a c t  
+ in t e r c u s p a l  p o s i t i o n  
R  r e t r u s i v e  to i n t e r c u s p a l  p o s i t i o n  (mm)
-  70  -
T A B L E  5 , 1 6
S u b j e c t
N o .
I n c i s o r  R e g io n P r e m o l a r  R e g i o n
O r i  ginal R e d u c e d O r i g i n a l R e d u c e d
1 0 0 0 0
2 0 2.  1 0 0. 9
3 1. 4 2.  2 0.  9 2. 5
4 0 0 0 0
5 4 .  2 2. 1 3. 9 0.  9
6 5 . 4 7. 0 3. 7 5. 7
7 0 5. 8 0 4.  2
8 0 5.  6 0 4 . 4
9 4 . 2 2.  6 2. 8 1. 9
10 0 3 . 0 0 1. 2
M e a s u r e m e n t s  of  i n t e r o c c l u s a l  c l e a r a n c e  (mm) at  the t e r m i n a t i o n  
o f  s w a l l o w i n g  s e q u e n c e s  f o r  s u b j e c t s  w i t h  c o m p l e t e  d e n t u r e s .  
M e a s u r e m e n t s  w e r e  r e c o r d e d  f r o m  the  i n c i s o r  and p r e m o l a r  
r e g i o n s  at both the o r i g i n a l  v e r t i c a l  d im e n s io n  and a r e d u c e d  
v e r t i c a l  d i m e n s io n .
-  71 -
T A B L E  5 ,  17a
S u b j e c t  R e g i o n  
N o.
O r i g i n a l  
V e r t i c a l  D im e n s io n
R e d u c e d  
V e r t i c a l  D i m e n s i o n
1. C .  P . 1 2 3 1. C .  P . 1 2 3
1 i 9.  7 - 1 0 .  4 10.  2 9. 8 10. 0 9. 5 - 1 0 .  2 10.  1 9. 9 10. 1
P 8.  7 -  9. 4 9. 2 8.  9 9. 1 8.  6 -  9. 3 9. 0 8.  9 9. 1
2 i 7. 6 -  8 . 2 8.  0 8.  1 - 7.  1 -  7 . 7 7.  7 7. 8 7. 4
P 7.  9 -  8 .  5 8. 4 8. 3 - 7.  3 -  7 . 9 7. 6 7. 8 8.  0
4 i 10.  6 - 1 1 . 3 1 1 . 3 1 1 . 2 10.  7 10.  8 - 1  1 . 5 1 1 .1 10.  7 1 1 . 2
P 9.  9 - 1 0 .  6 10.  4 10.  4 10.  0 10.  0 - 1 0 .  7 10.  2 10.  7 10. 2
5 i 12.  1 - 1 2 .  8 12. 5 12. 7 12.  7 1 1 . 9 - 1 2 .  6 12.  2 12. 3 12.  5
P 12. 7 - 1 3 .  7 1 3. 2 1 3. 0 1 3. 0 1 2 . 9 - 1 3 .  6 1 3. 0 1 3. 1 13.  1
6 i 14.  6 -1  5.  3 15.  1 1 5 . 0 14.  9 12.  7 - 1  3. 4 1 3. 0 1 3. 0 12.  9
P 1 3. 5 - 1 4 .  2 14. 2 1 3. 8 1 3. 8 12.  8 - 1  3. 5 12. 8 1 3. 0 13.  2
7 i 10.  5 - 1 1 .  2 10.  5 10.  6 10.  7 10.  2 - 1 0 .  9 10.  5 10. 2 10. 5
P 1 1. 5 - 1 2 .  1 1 1 . 8 12.  2 1 1 . 9 1 1 . 7 - 1 2 .  4 12.  2 12.  0 12.  7 *
8 i 10.  7 - 1  1. 4 1 1 . 2 1 1 .1 1 1 . 2 10.  3-1  1 . 0 10.  8 10.  3 10.  7
P 9. 3 - 1 0 .  0 9. 8 9. 9 9.  9 9. 5 - 1 0 .  2 9. 9 9.  6 10.  0
9 i 7.  0 -  7 .  6 7. 7 7.  7 7. 4 6. 7 -  7.  3 7.  4 6. 7 7. 2
P 8. 0 -  8.  6 8.  7 8.  7 8.  2 8.  1 -  8 . 7 8.  7 8.  2 8. 5
10 i 1 1 . 7 - 1 2 .  4 1 1 . 9 1 1 . 8 1 1 . 6 12.  0 - 1 2 .  7 12.  3 12. 5 12. 0
P 1 1 . 7 - 1 2 . 4 1 1 . 6 1 1 . 7 1 1 . 4 1 1 . 9 - 1 2 . 6 12.  1 1 1 . 9 12.  0
4  i 9.  8 - 1 0 .  5 10.  5 10.  5 10.  4 9. 8 - 1 0 .  5 10.  2 10.  4 10.  5
P 9. 3 - 1 0 .  0 9. 6 10.  0 9.  8 10.  6 - 1 1 .  3 10.  9 1 1 . 2 1 1 . 3
D i s t a n c e s  (mm) f r o m  the  u p p e r  d e n t u r e  to th e  n a s a l  l i n e  d u r i n g  s i x  
s w a l l o w i n g  s e q u e n c e s  at  both  the  o r i g i n a l  v e r t i c a l  d i m e n s io n  and a 
r e d u c e d  v e r t i c a l  d i m e n s io n .  C o m p a r i s o n  to s i m i l a r  m e a s u r e m e n t s  
at  th e  i n t e r c u s p a l  p o s i t i o n  ( e x p r e s s e d  to show  th e  r a n g e  o f  v a r i a b i l  i ty )
i n d i c a t e s  th e  amount  o f  v e r t i c a l  d i s p l a c e m e n t .
I . C .  P .  i n t e r c u s p a l  p o s i t i o n  
i i n c i s o r  r e g i o n
p p r e m o l a r  r e g i o n
*  d i s p l a c e m e n t
T A B L E  5 ,  1 7b
S u b j e c t  R e g io n
O r i g i n a l  
V e r t i c a l  D i m e n s i o n
R e d u c e d  
V e r t i c a l  D i m e n s i o n
1. C .  P . 1 2 3 1. C .  P . 1 2 3
1 i 21 . 5 - 2 2 . 4 22.  0 22 .  0 22 .  3 21 .  6 - 2 2 . 5 2 2 .  0 22 .  1 21 . 9
P 19.  0 - 1 9 .  9 19. 3 18. 9 1 9. 3 19. 5 - 2 0 . 4 19.  9 20 .  3 1 9. 8
2 i 18.  2 - 1 9 .  1 18. 6 18.  9 18.  3 18.  6 - 1 9 .  5 19.  3 1 9. 0 1 9. 1
P 18.  0 - 1 8 .  9 18.  2 18. 5 18.  0 17. 4 - 1 8 .  2 18.  2 17.  9 18.  3
3 i 17.  5 - 1 8 .  4 18.  1 18.  0 18.  3 16.  6 - 1 7 .  5 1 7 . 4 17. 6 17. 0
P 14. 6 - 1 5 . 4 15.  3 14.  8 1 5 . 4 14. 6 -1  5. 4 1 5. 3 15. 5 1 5 . 0
4 i 21 . 3 - 2 2 . 2 21 . 9 21 .  9 22 .  1 2 1 .  6 - 2 2 . 5 22 .  3 22 .  6 22 .  4
P 18.  3 - 1 9 .  2 18.  9 18.  7 18.  9 1 9. 0 - 1 9 .  9 1 9 . 4 19. 6 1 9. 3
5 i 16.  3 - 1 7 .  1 17.  0 1 6. 9 17.  9 * 15.  6 - 1 6 . 4 17. 5 1 6. 5 1 6. 9 *
P 14.  9 - 1 5 .  7 1 6 . 4 * 1 6 * 0 17. 0 * 14.  2 - 1  5. 0 16. 5 * 16. 3 * 16. 8 *
6 i 21 . 0 - 2 1 . 9 21 . 8 21 . 6 21 . 7 21 .  0 - 2 1 . 9 21 .  6 21 . 9 21 . 8
P 1 6. 8 - 1 7 .  7 17.  6 17.  5 17.  8 16.  6 - 1 7 .  5 17.  2 17.  5 18.  1 *
7 i 23 .  8 - 2 4 .  7 24 .  4 2 4 .  8 24 .  4 22 .  1 - 2 3 .  0 24 .  1 * 23 .  1 25 .  2 *
P 17.  2 - 1 8 .  1 17. 9 17.  9 17.  8 1 6 . 7 - 1 7 .  6 1 7. 4 1 6. 9 18.  2 *
8 i 18.  6 - 1 9 .  5 18. 9 18.  9 19.  2 17. 8 - 1 8 .  7 17.  9 17.  9 18.  6
P 17.  9 - 1 8 .  8 18.  2 18.  2 18.  1 16.  6 - 1 7 .  5 1 6. 7 1 6. 8 1 6. 5
9 i 2 0 . 0 - 2 0 . 9 20 .  7 20 .  4 20 .  7 1 9. 6 - 2 0 . 5 2 0 .  0 20.  1 20 .  2
P 1 6. 5 - 1  7.  4 17.  5 1 7 . 4 17.  1 16.  9 - 1 7 .  6 17.  3 17.  3 17.  2
10 i 16.  6 - 1 7 .  5 17.  6 17.  6 17. 7 1 6. 9 - 1 7 .  8 17.  7 17.  0 17. 2
P 1 6. 0 - 1  6. 9 1 6. 6 16.  6 17. 0 14. 2 - 1 5 .  1 1 4 . 4 14. 7 14.  9
D i s t a n c e s  (mm) f r o m  th e  l o w e r  d e n t u r e  to the  m a n d i b u l a r  l i n e  d u r i n g  
s i x  s w a l l o w i n g  s e q u e n c e s  at  both  the o r i g i n a l  v e r t i c a l  d i m e n s i o n  and  
a r e d u c e d  v e r t i c a l  d i m e n s io n .  C o m p a r i s o n  to s i m i l a r  m e a s u r e m e n t s  
at  the i n t e r c u s p a l  p o s i t i o n  ( e x p r e s s e d  to show the  r a n g e  o f  v a r i a b i l i t y )  
i n d i c a t e s  the  amount  o f  v e r t i c a l  d i s p l a c e m e n t .
I C P  i n t e r c u s p a l  p o s i t i o n  
i i n c i s o r  r e g i o n  
p p r e m o l a r  r e g i o n  
*  d i s p l a c e m e n t
-  7 3  -
S E C T I O N  5
T A B L E  6 ,  1
W a x Suppl  i e r
Ash  Model  I ing 
W a x
A m a lg a m a t e d  D e n t a l  T r a d e  
D i s t r i b u t o r s  L t d .  , L o n d o n
B e e s w a x A m a lg a m a t e d  D e n t a l  T r a d e  
D i s t r i b u t o r s  L t d .  , L o n d o n
D e n t i n a  R ib b o n  
W a x
B r o w n i n g ’ s D e n t a l  S u p p l y  
C o.  L t d .  , H u l l
K o r e c t a  -  w a x  
N o .  4
K e r r  M a n u f a c t u r i n g  C o .  , 
R o m u l u s ,  M ic h i g a n
R e d  B o x i n g - i n  
W a x
C o t t r e l l  and C o .  L t d .  , H u l l
T r u b y t e  E q u a l i z i n g  
W a x
D e n t i s t s '  S u p p l y  Co .  , 
N e w  Y o r k
T h e  w a x e s  u s e d  in the i n v e s t i g a t i o n  and the  s o u r c e s  of  
su p p ly .
-  7 4  -





.  1 *  "
F i g u r e  6 ,  2
T h e  Ins tron  U n i v e r s a l  T e s t in g  Machine  Model T T C M , 
with the w a t e r  bath attachment (A).
-  76  -





•  — Ash modelling 
■ — Beeswax 
x — Boxing 
□ — Dentina 
o — Korecta-wax No. 4 
a  — Trubyte
0 20 30 40
Strain %
S t r e s s - s t r a i n  d ia g ram s  f o r  5mm specimens of each w ax  at 
room te m p e ra tu re  (ap p ro x im a te ly  2 4 ° C ) .
-  77  -
F i g u r e  6 ,  3b
•  — Ash modelling 
■ — Beeswax 
x — Boxing 
□ — Dentina 
o — Korecta-wax No. 4 




0 20 30 40
Strain %
S t r e s s - s t r a i n  d iagram s  fo r  5 mm specimens of  
, _ o 0each w ax  at 37 C.
-  78 -
F i g u r e  6 ,  4 a
o  -  Korecta-wax No. 4 
a -Trubyte








•  -  Ash modelling 
■ -  Beeswax 
x -  Boxing 
□ -  Dentina
S t r e s s - s t r a i n  d ia gram  fo r  10 mm specimens of each  
wax at room te m p e r a tu re  (a p p ro x im a te ly  2 4 ° C ) .
-  79 -
F i g u r e  6 ,  4b
15n •  — Ash modelling 
■ — Beeswax 
x — Boxing 
□ — Dentina 






S t r e s s - s t r a i n  d ia g ram s  f o r  10 mm specimens of each w a x  at 
3 7°C .
-  80  -
T A B L E  6 ,  2
Room T e m p e r a t u r e Mouth T e m p e r a t u r e
W a x 5mm 1 0mm 5mm 1 0mm
Model  I ing 1 5. 0 21 . 7 9. 0 9. 0
s. d . 1. 1 s. d. 0 .  8 s. d. 0 .  3 s. d. 0 .  5
B e e s w a x 1 3. 4 16.  7 5. 7 8 . 0
s. d. 0 .  4 s. d . 1. 0 s. d. 0 .  2 s. d. 0.  4
B o x i n g 5. 3 7. 9 2 . 6 3. 0
s. d. 0 .  3 s. d. 0 .  5 s. d. 0 .  2 s. d. 0 .  3
D e n t i n a 5 . 0 6 . 1 3. 7 4.  1
s. d. 0 .  1 s. d. 0.  5 s. d. 0.  1 s. d. 0 .  1
K o r e c t a  N o .  4 1 1 . 3 2 3 . 2 0. 9 0 . 6
s. d. 0 .  9 s. d. 3 . 0 s. d. 0 .  1 s. d. 0 .  1
T  r u b y t e 9. 8 12.  3 5. 1 6 . 7
s. d. 0 .  8 s. d. 0 . 7 s. d. 0 .  3 s. d. 0 .  3
2
T h e  mean p r o p o r t i o n a l  l i m i t s  ( k g f / c m  ) f o r  5mm and 10mm  
s p e c im e n s  o f  w a x  in c o m p r e s s i o n  at both ro o m  t e m p e r a t u r e  
( 2 4 ° C )  and mouth t e m p e r a t u r e  ( 3 7 ° C ) .  T h e  s t a n d a r d  d e v i a t i o n s  
(s .  d. ) a r e  al so I i s te d .
-  81 -
T A B L E  6 ,  3
R oom T e m p e r a t u r e Mouth  T e m p e r a t u r e
W a x 5mm 1 0mm 5mm 1 0mm
Model  1 ing 73.  8 379 .  1 60.  1 132.  3
s. d. 3. 5 s. d. 2 1 . 8 s. d. 4 .  2 s. d. 17.  1
B e e s w a x 77.  3 3 45 .  5 30 .  2 123.  5
s. d. 2 .  9 s. d. 4 3 .  9 s. d . 1. 5 s. d. 1 0 . 5
B o x in g 31 .  1 1 32.  8 19. 9 4 8 .  1
s. d. 2.  1 s. d. 9. 5 s. d. 1. 2 s.  d. 3. 3
D e n t i n a 26 .  8 8 2 .  4 23 .  2 58 .  7
s.  d. 1 . 3 s. d. 1 5. 5 s. d. 1 . 2 s. d. 3. 7
K o r e c t a  N o .  4 72 .  1 4 1 1 . 5 8 . 2 8 . 9
s. d. 7. 0 s. d. 57.  9 s. d.  1. 3 s.  d.  2.  9
T  r u b y t e 62.  5 2 6 3 .  3 28 .  5 109 .  4
s. d.  4 .  3 s. d. 24 .  9 s. d. 1 . 7 s. d. 5.  2
2
T h e  mean s t r e s s - s t r a i n  modul i  ( k g f / c m  ) in c o m p r e s s i o n  f o r  
5mm and 10mm s p e c im e n s  o f  w a x  at  both  ro o m  t e m p e r a t u r e  
( 2 4 ° C )  and mouth t e m p e r a t u r e  ( 3 7 ° C ) .  T h e  s t a n d a r d  
d e v i a t i o n  (s .  d. ) a r e  a l s o  l i s t e d .
-  8 2  -
T A B L E  6 , 4
R oom T e m p e r a t u r e Mouth  T e m p e r a t u r e
W a x 5mm 1 0mm 5mm 10 mm
Model  I ing 14.  1 2 6 .  6 7. 1 7. 5
s. d. 0 .  8 s. d. 1. 0 s. d. 0 .  2 s. d. 0 .  3
B e e s w a x 1 1 .0 19.  5 4 . 5 4 .  9
s. d. 0 . 4 s. d. 1. 0 s. d. 0.  1 s. d. 0 .  3
B o x i n g 3. 9 4 . 4 2 .0 1 .8
s. d. 0 .  2 s. d. 1. 1 s. d. 0 .  1 s. d. 0 .  1
D e n t i n e 3. 8 6 . 2 2.  7 2. 5
s. d.  0 .  1 s. d. 0.  4 s. d. 0 .  1 s. d. 0 .  1
K o r e c t a  N o .  4 1 0 . 4 14.  5 1 . 6 1 .8
s. d. 0 .  8 s. d. 2. 2 s. d. 0 .  2 s. d. 0 .  3
T  r u b y t e 7.  5 13.  5 4 . 0 4 .  1
s. d. 0 .  5 s. d.  0 .  7 s. d. 0 .  3 s. d. 0 .  3
2
T h e  mean t e r m i n a l  s t r e s s  ( k g f / c m  ) r e q u i r e d  to c o m p r e s s i v e l  y 
s t r a i n  5mm s p e c i m e n s  o f  w a x  by 4 0 %  and 10mm s p e c i m e n s  by  
7 0 %  at both ro o m  t e m p e r a t u r e  ( 2 4 ° C )  and mouth t e m p e r a t u r e  
( 3 7 ° C ) .  T h e  s t a n d a r d  d e v i a t i o n s  a r e  a l s o  l i s t e d .
-  8 3  -
F i g u r e  6 ,  5
S t i l l  S c r e e n  P hotogra phy  
A  p r in t  of a te le v is io n  s c re e n  image obta ined with  
5 in x 4 in. Shee t  f i lm  exposed at f / 8  fo r  V i  0 
second.
-  84  -
F i g u r e  6 ,  6
Motion F i l m  P h o tography  
A  p r in t  of  a te lev is ion  s c re e n  image obtained  
from a s in g le  f r a m e  of 16 mm motion f i lm  
exposed at f / 4  f o r  1/2 5  second.
-  85  -
F i g u r e  6 ,  7
R e c o rd in g  te le v is io n  s c re e n  images f rom the 
videotape  on to 35 mm f i lm.
A. V i d e o r e c o r d e r
B. T e l e v i s i o n  monito r
C. C a m e r a  wi th  m otor ised  t r a n s p o r t  system.
-  8 6  -
F i g u r e  6 , 8
A  p r in t  of  a te lev is ion  image obta ined with  
35 mm sti l l  f i lm  exposed at f / 3 .  5 fo r  / 3 0  
second.
-  87  -
